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It is a matter of common observation that algal growths may 
suddenly appear in ponds and streams, persist for a short time, 
then disappear with equal suddenness. Doubtless many have 
noticed this in a casual way and wondered why the plant appeared 
so suddenly, or why it disappeared. In order to answer these 
questions, or to form even a good opinion of the causes underlying 
this irregularity, one must study the algal growth in a certain pond 
or stream at frequent intervals throughout a year or more, noting 
the different species of algae present, their relative abundance, time 
of fruiting, etc., and all the external conditions under which the 
plants are growing at any particular time. These conditions will 
include amount of light, depth and extent of the body of water, 
rate of flow and change of water, temperature, amount of mineral 
matter in the water, cormophytic growth, animal life in the water, 
and any effect man may have had, as in draining ponds, emptying 
rubbish, or sewage, etc., into the water. 

But little careful and systematic study has been devoted to this 
subject. Fritsch * (06) has given the subject some study. In 
his paper he makes some good suggestions in regard to methods 
and gives some interesting observations based on a somewhat ir- 
regular study. 

During April, 1906, the writer began the study of the algae in 
a small stream flowing across the campus of Indiana Univer- 
sity, and in two ponds near Bloomington. This observation ex- 
tended throughout April, May, and June, 1906. The following 


* Fritsch, F. E. Problems in aquatic biology with special reference to the study of 
algal periodicity. The New Phytologist 5: 150-169. Jl 1906. 
(The Butietin for April, 1908 (35: 155-222. p/. 6-70) was issued 29 Ap 1908. ] 
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September the work was again taken up, additional ponds and 
streams added to the number under observation, and continued 
until August, 1907. Collections were made twice a month, material 
being taken from several different parts of each pond or stream, 
both on the surface and on the bottom, placed in separate vials, and 
brought to the laboratory for identification. This was done to 
avoid error so far as possible in determining the amount of any 
particular alga present. In nearly every case when an alga was 
found in any quantity in one part of a pond, it was found in other 
parts also. 

It was thought best to select a limited number of ponds and 
streams and study these closely. The ones chosen were selected 
on account of the variety of conditions they presented and the 
ease with which they might be reached. Five different ponds and 
two small streams were under observation. The ponds will be des- 
ignated as ponds nos. 1, 2, 3,4, and 5, and the streams as streams 
nos. I and 2. 

Pond no. I is a small body of water in an old sink-hole de- 
pression, the bottom of which has become clogged and partly filled 
with soil. It is about 40 feet across and 4 feet deep during the 
greater part of the year. During August and September the water 
becomes low, leaving the bottom bare in places. The pond is fed 
mainly by underground water flowing through openings in the lime- 
stone, which is near the surface in this region. The depth of the 
water varies with the season but is not much affected by a single 
rain. A small amount of surface water flows into it, carrying in 
some red clay from the surrounding plowed field. The water must 
be changed frequently, for it never seems to be impure. The pond 
is on a hill in an open field, so there is no shade. On November 
10, there were .006 g. of solid matter in 54 g. of the water, or 
.OOOII per cent. of the water was solid matter. Typha, Alisma, 
Eleocharis, Potamogeton, and Callitriche grow in the pond rather 
abundantly, but the animal life is not very extensive, consisting of 
a few salamanders, frogs, tadpoles, dragon-fly larvae, and a few 
smaller forms. 

Pond no. 2 is a small, shallow pond, about two feet deep and 
50 feet wide, fed by a spring near by. This pond is not subject to 
much variation in depth of water. The flow from the spring is 
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sufficient to change the water in a day or so, but since the spillway 
is just opposite the feedway and the pond is wide compared with . 
its depth, the water is not changed frequently enough to keep it 
very pure. A drove of cows run to the pond; this adds to the 
impurities. On October 29 the amount of mineral matter in the 
water was .013 g. in 42 g. water or .0003 per cent. The pond is 
in the open, so is not shaded in any way. But few of the higher 
plants grow here, a few specimens of Eleocharis and Alisma; a few 
‘frogs and tadpoles are found in the pond the greater part of the 
year and some small catfish and sunfish. 
Pond no. 3 is a small body of water about 30 feet by 50 and two 
feet deep. It is fed by a wet-weather branch during the greater part 
of the year. During July, August, and September, the pond goes 
almost dry. The water is not changed very frequently, hence be- 
' comes stagnant. It is not shaded. F/eocharis plants grow in tufts 
over a part of the pond, especially when the water is low. On 
December 17 the water contained .0003 per cent. mineral matter. 

Pond no. 4 is a body of water covering three or four acres and 
is about 20 feet deep in deepest part. It is formed by a levee built 
across a small valley and is fed by a small stream. The water is 
comparatively pure and clear. It overflows but occasionally. On 
November 3, there were .o11 g. of solid matter in 40 g. water or 
.00027 per cent. The pond is practically free from animal life; it 
has but few of the higher plants growing in it and there is but very 
scant vegetation on the surrounding hillsides, hence it is not 
shaded. 

Pond no. 5, or the water-works reservoir, consists of two large 
bodies of water fed by several springs. Each covers several acres 
and is from 10 to 20feet deep. During late summer and in the fall 
the water becomes low, but on the whole the depth of the water is 
not subject to much variation. The water is pure and clear the 
greater part of the time. There are very few cormophytes growing 
in these bodies of water, but there are forests on three sides of one 
and on two sides of the other. Hence they are somewhat shaded 
along the edges and humus from the woods is washed down into 
the ponds, the sloping banks being made rich. On October 17 the 
water contained .00021 per cent. solid matter. Animal life in the 
ponds is scant —only a few fish. 
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Stream no. I is a small stream that flows across the University 
- campus. Above the campus it has the characteristics of an ordi- 
nary small stream flowing across the country. During the greater 
part of the year this flows briskly with a considerable volume of 
‘comparatively pure water. After the stream enters the campus it 
is greatly changed. It receives the warm water from the bathing 
rooms, the refuse from the chemical laboratories, and the sewage 
from the closets in the university buildings. This part flows the 
whole year. The conditions of the two parts of this stream 
being so radically different, it may be considered as two different 
streams. This stream is shaded but little, has grassy banks, and 
and but few of the higher plants grow in it. A few frogs are 
found here, snapping turtles, mancelli, and planarian worms. On 
October 31 the water in the stream above the campus contained 
.O1§ g. solid matter in 40 g. of water, or .0037 per cent. 

Stream no. 2 is a small stream of cool, clear, pure water flow- 
ing through a wooded valley about one fourth of a mile long. It 
is fed by the outflow of an underground river. The flow of the 
stream is rapid and continues throughout the year without much 
variation, the temperature being very uniform, standing about 
12° C. The plant life, aside from the algae, is limited to an 
aquatic Porella, and the only animals found here are a few fish, 
crayfish, gammari, and planarian worms. 

Of all the orders of algae found growing in the ponds and 
streams under observation the order Conjugatae was the most 
abundant both in quantity and in distribution. Among the forms 
of this order, Spirogyra was the most abundant. It was found in 
some quantity in all the ponds and streams except in the pond no. 1. 

Several different species of Spirogyra were found. However, 
it was often difficult to determine the species when in vegetative 
state. But several of the most common forms were seen fruiting 
at some period. In that stage they could be easily identified. 
Spirogyra nitida was the most abundant form throughout the year, 
appearing in considerable quantity in all the ponds and streams 
except ponds nos. 1 and 5 and stream no. 2. This species was 
most abundant throughout the year in pond no. 3 (FIGURE I — 
chart, pond no. 3). In September it was rather rare, floating and 
healthy. For the next few weeks there was not much change 
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except that the growth was slightly more abundant ; about No- 
vember 21 it settled to the bottom and collected around the edges 
of the pond. At this time a good part appeared unhealthy. On 
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January 5 it had spread out over the bottom of the pond and was 
dark-green and healthy-looking. It continued to increase in 
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abundance during the month of January until toward the last, 
when it began to become more rare and unhealthy. During Feb- 
ruary and March, the growth became rather rare and unhealthy 
but showed no signs of fruiting. During April and May, it be- 
came very abundant and thrifty in its growth, and continued to be 
abundant until the first of August, being the dominant alga in the 
pond. There was no indication of fruiting during the year; con- 
ditions did not become hard enough to check the vegetative growth 
sufficiently to cause the plant to enter the fruiting stage. The 
fluctuation in the amount of growth from time to time was doubt- 
less due mainly to change in water supply and temperature. In- 
creased growth followed warm rains. 

In pond no. 4 Spirogyra nitida appeared for but a short time in 
October when the pond was low. When rains came, the region 
was covered with deep water. The alga then disappeared. In 
pond no. 2, a pond with similar conditions, the growth was 
similar. 

None of this species was found in the water-works reservoir. 
It does not seem to thrive in large bodies of pure water nor in 
pure flowing water. It was rather rare in stream no. 1 above the 
campus during October and November, then disappeared. None 
at all was found in stream no. 2. It was not observed fruiting at 
any time during the year. 

Of the species of Spirogyra, S. varians ranked second. It was 
very abundant during a part of the year in ponds nos. 2and 3 and in 
similar ponds (FIGURE I —chart, pond no. 3). From September to 
January, this species was rather rare in all the ponds and streams. 
On January 23 it was found to be very abundant in pools on the 
ground in open fields in different places where the water had been 
standing several days. On February 12 it was very abundant in 
ponds no. 2 and no. 3._ It continued to be abundant, in a healthy 
vegetative condition until the middle of April, when it began to 
look unhealthy, diminishing considerably in quantity. During 
February and March, it was near the bottom of the ponds, but 
when it became unhealthy-looking in April it was floating. It 
has not been observed to fruit in these ponds. That found in wet- 
weather pools has been observed to begin conjugation every time 
the pools start to dry up. After each rainy period conjugation 
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ceased and the plant multiplied rapidly vegetatively until the water 
began to get low again. This species appeared in stream no. I above 
the campus during October (FIGURE 2—chart, stream no. 1), but 


| 
| 
= ~~ BEC 
re \ SE 
| Kee \ 
| 
| \ 
( 
\ 


was never very abundant. Some was noticed forming spores on 
November 15. Spores were formed in cells of the filament without 
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any evidence of conjugation either between cells inthe same filament 


or with cells in another filament. The spores produced resembled 
zygospores closely. These were likely aplanospores, such as de- 
scribed by West *(’04). None of this species was found after No- 
vember until about the middle of April, when it became abundant 
in the upper part of the stream. This was not in a healthy vege- 
tative state. It remained in about the same condition throughout 
April and early May, not healthy, fruiting tosome extent. (Doubt- 
less this that appeared in the stream in April was washed out of a 
pond farther up the valley.) S. varias seems to attain its maxi- 
mum growth at a temperature considerably lower than that at 
which S. nitida attains its maximum. 

Spirogyra crassa was found to be rather abundant in a bayou 
along the edge of the larger of the water-works ponds during 
August, 1906. This disappeared with the drying up of the bayou 
in September, and it has not since appeared. On October 12 the 
same species was found to be rather abundant in an old bayou along 
stream no. 1. This bayou is about 10 feet wide, 2 feet deep, and 40 
feet long. It has been formed by the “ branch ” during high water 
but is not connected with it directly at present. The algacontinued 
to be rather abundant during October and November and in a 
healthy growing state. In December it became very abundant, 
spread out over the pond, sank to the bottom, took on a dark- 
green color and remained very abundant until the first of May. 
During the winter it did not grow much, although it seemed to be 
green and healthy. About the first of May, it was not quite so 
plentiful, nor so healthy as formerly. Later in May, it disappeared 
altogether. It seemed to become unhealthy and very slimy look- 
ing. Just what caused this the writer is not able to state. Possi- 
bly a certain amount of sewage or chemicals from the chemical 
laboratory was washed into the bayou during high water a few 
days before the disappearance of the alga. The alga was not 
carried away by the water. It did not conjugate. 

Some other species of Spirogyra were found at different times 
but in no great quantities. During December, S. inflata was found 
in limited quantity in one corner of the smaller of the water-works 
ponds where the water was not very pure. Some decaying vege- 


* West, G. S. British Freshwater Algae, 123. 1904. 
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. tation resulting from cormophytic plant growth the previous 

summer, and the refuse from the pumping station near by, tended 
to make the water here impure. This was fruiting freely when 
os found and was not found afterward. 

Spirogyra Webert was found in the upper part of stream no. I 
in October in very small quantities and it was rather abundant in 
4 pond no. 3 during September and October. It became rare the 
first of November and disappeared later in the month. No con- 
jugation was noticed although it might have taken place in short 
time and the whole plant growth disappeared, or it might have 
Hl been so scattering that it was not noticed, the plant not being very 
i abundant. A few other species were found in small quantities 
{ 


but no attempt was made to follow them in their periodicity. 

Among the filamentous forms of Conjugatae, Zygnema ranked 
next to Sfiregyra in abundance and distribution. It was found 
in some quantity in several of the ponds but not in great abun- 
dance in any case. In stream no. 1, Zygnema insigne appeared 
during October, became rather abundant, then gradually disap- 
peared in November. It was not observed to fruit. On April 
18, Zy.gnema leiospermum was found in the upper part of the stream 
just below a pond in which the species had been growing. It was 
rather rare, not growing or healthy looking, and was fruiting to 
; some extent. This species continued to be present in small quan- 
tities until the first of August. The same species was rather abun- 
dant in pond no. 3 during the latter part of September, 1906. It 
was pale-green and unhealthy looking, and mixed with Spirogyra. 
It became rare during October and disappeared the first of No- 
vember. A few scattering filaments of Z. /etospermum were found 
in pond no. 2 during November, 1906, and also during the following 
May. Z. cruciatum was found to be rather abundant in pond no. 1, — 
March 14. It was not very healthy in appearance and remained 
is in about the same condition until the latter part of May, when it 
‘ began to grow, became more healthy, and more abundant. It 

was along the edge of the pond in shallow water — some of it 

floating. This disappeared in June. 

Mougeotia was not very abundant at any time in the waters 
under observation. A few species were found in limited quanti- 
ties. Alesocarpus radicans was found on April 4 in small quantity 
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in the smaller water-works pond, among a growth of Zypha. It 
was not seen there again but was found in a water-trough near by, 
in which there was flowing water. It was rather rare here during 
April and May, then disappeared. Mougeotia scalarts (Mesocarpus 
scalaris) was found in the upper waters of stream no. 1, October 1. 
It was rather abundant and unhealthy looking and became more 
rare and unhealthy the latter part of October and in November. 
None was noticed after November 15 until March 4, when a small 
amount was found in an unhealthy condition ; it did not seem to 
be growing any and had doubtless passed the winter in that condi- 
tion. During May it began to grow and again became rather 
abundant. Following this it became rare but persisted throughout 
the summer. Small quantities of Mougeotia parvula (Mesocarpus 
parvulus) were found in small pools of water in the upper part of 
stream no. 1 in May. The water here was slightly stagnant, not 
flowing freely. This was rather abundant in stagnant pools until 
the first of August. 

Another filamentous form of the Conjugatae found was Mou- 
geotia genuflexa (Pleurocarpus mirabilis). This was rather abun- 
dant in the lower part of stream no. 2 during the latter part of Octo- 
ber and in November. Many filaments were bent at nearly right 
angles and the angles were united as if the cells were conjugating 
but nothing to indicate the passage of cell contents was observed. 
No spores were seen. On June 3 this plant was found floating in 
the upper part of the larger of the water-works ponds, near where 
it was found in stream no. 2. It was rather abundant and not very 
healthy and seemed to be in an early stage of conjugation similar 
to that which was seen in November. Later in the summer, this 
species was found floating in several places in both of the water- 
works ponds. In every case certain cells were bent as described 
above and connected with similar cells in other filaments. The 
plant always appeared to be unhealthy. 

Representatives of six genera of the family Desmidiaceae were 
found but only a few species in each genus — one in some.  C/os- 
terium appeared to be the most abundant, both in quantity and 
distribution, appearing in four different ponds. C/osterium acerosum 
was especially abundant in pond no. 2. Here it was noticed Oc- 
- tober 29, rather rare but in a healthy growing condition. It 
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became rather abundant during November and December, then, 
increasing by cell division, it became very abundant in January. 
During February and March, the plant began to look somewhat 
unhealthy and was only rather abundant. During April and the 
first part of May, it again became healthy, grew rapidly, and be- 
came very abundant. Later in May, it began to be rare again. 
Following this, it became very rare and disappeared in June. In 
pond no. 3,this form was found during the greater part of the 
year but never in abundance. There was some fluctuation in 
amount, becoming rather abundant in November, then rare (FIGURE 
1 — chart, pond no. 3). 

In the upper part of stream no. 1, Closterium acerosum was 
noticed September 24. It was rather abundant, growing among 
filaments of Spirogyra. It became less plentiful during October 
and disappeared during November. In every case C. acerosum 
was found growing with Spirogyra, either among the filaments or 
on the bottom. Just what caused the fluctuation in the amount of 
the plant, is not easy to explain. It was probably not due to tem- 
perature, for in one instance when most abundant, in January, the 
temperature was low, 5° C. and in another, in April, it was rather 
high, 18° C.; it became rare in February under a low tempera- 
ture, 1° C., and rare in May under a temperature of 26° C. It 
is doubtful if the animal life of the pond had any bearing on the 
matter. There were few small animals in the pond that would 
likely feed on the desmids. The periods of greatest abundance 
seemed to follow seasons when the water was lower and more im- 
pure. This doubtless had some influence on the growth, for in 
some experiments, to be mentioned later, it was found that if the 
liquid in which the desmids were growing became more dense, 
cell-division would be more frequent. 

A few specimens of Closterium Ehrenbergii were obtained from 
pond no. 1 during November and also during May. On May 14 
a good quantity of this species was found growing among filaments 
of Cladophora in a large glass jar in the University greenhouse. 
This material was so rich in desmids that thousands of them could 
be obtained free from impurities by rinsing a small mass of the 
Cladophora in a small vessel of water a moment or two. After 
obtaining the desmids in this way, they were placed in a large 
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crystallizing dish in which there was a small amount of Cladophora 
growing. By filling the vessel with water every few days the des- 
mids were kept growing for several months and a careful study 
was made of them. The vessel was kept in the greenhouse where 
the air was damp and the temperature moderately high and steady. 
At certain times these desmids were found to divide so as to repro- 
duce themselves vegetatively much more abundantly than at other 
times. Different causes seemed to induce this. If the water be- 
gan to get low in the vessel so as to make the solution more dense 
and richer in salts, division appeared to be more active; if placed 
on agar saturated with normal culture-solution, they divided more 
abundantly ; if placed in a small crystallizing dish on the oven, so 
as to change the temperature suddenly to a relatively high tem- 
perature, 26° C., in 48 hours, one half of the number were in the 
process of division. A sudden change, or hard conditions seemed 
to induce cell-division. The cells that divided on the agar prepara- 
tion, and the ones that divided in the vessel on the oven did not 
develop into two healthy, full-sized specimens; the ones in the 
vessel kept in the greenhouse required from six to eight days after 
cell-division could be first noticed for the daughter semi-cells to 
reach full size. 

Experiments similar to the above were tried with Closterium 
acerosum, with similar results. 

A very few specimens of Cosmarium were present in all the 
ponds and streams throughout the year, but in no case were they 
found in any abundance. On April 30 a few Cosmarium zygo- 
spores were found in pond no. 1. Docidium Trabecula was rare 
in pond no. 3 during October and November, and a few specimens 
were obtained from pond no. 2, January 14. Hyalotheca and Staur- 
astrum were present in the spillway of pond no. 4 in very small 
quantities in December. <A few specimens of Penium interruptum 
were found in the lower part of stream no. 1 during June, 1907. 
This species appeared in the water-works reservoir about the same 
time. 

The Oedogoniales ranked second in abundance, considering 
quantity, and they were rather generally distributed in the ponds 
and streams under observation. Oedogonium and Bulbochaete, rep- 
resenting the two genera in the family Oedogoniaceae, were found, 
Ocedogonium being quite common and Au/bochaete rather rare. 
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, Ocedogonium crassiusculum was abundant and the dominant alga 
in pond no. 1, September 20 (FIGURE 3 —chart, pond no. 1.) It was 
mostly attached to dead 7ypha stems and other stems under water. 
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A few filaments were fruiting. It became more abundant during 
October, continuing to fruit to some extent. In November it be- 
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came more healthy and thrifty looking and fruiting filaments became 
rare. During December and January, the plant was rather abun- 
dant in sort of a resting state—not growing any, living, but 
crusty looking, due to particles of soil and diatoms clinging to the 
filaments. A similar condition continued throughout February 
and the first half of March, except that the plant became more 
rare. Between my visits to the pond on March 14 and April 3, 
considerable change took place. On the latter date there was in 
the pond a considerable amount of the alga floating in unattached 
masses. This seemed to be rather healthy looking and was just 
beginning to fruit sexually, dwarf males being numerous. The 
warm weather and sunshine of the latter half of March must have 
caused vigorous growth and as the filaments became older and 
longer they became free-floating. On April 16 this floating form 
had become abundant near the surface, especially around the edge 
of the pond, and the fruiting organs were very abundant. This 
began to disappear during the latter part of April and by the middle 
of May had entirely disappeared. The part attached continued to 
be about the same until the latter part of May, when it became 
more rare, brownish and not very healthy looking. It remained 
very rare and unhealthy until August. 

This alga did not appear in any of the other streams and ponds 
under observation except in pond no. 2. It was found to be abun- 
dant here October 1 1 — scattered all over the pond, some attached 
to Eleocharis and Potamogeton plants but the most free-floating. 
The plant became more abundant during the latter part of October 
and the first part of November. In the latter part of November it 
became unhealthy looking, less abundant, and settled to the 
bottom. It disappeared altogether in the first part of December. 
The floating masses were not observed fruiting. Some few of the 
attached filaments bore sexual organs. The floating masses ap- 
peared here as suddenly asin pond no 1. It disappeared more 
slowly ; the loose, floating masses were mainly washed out of the 
pond. 

Ocdogonium cryptoporum appeared in three different ponds, 
nos. 3 and 4 and the larger of the water-works ponds, but not in 
much abundance in any one. A small amount was found in 
September, October, and the first part of November. Later in 


Brown: ALGAL PERIODICITY 237 


November it disappeared, not appearing again until the middle of 
the following April. It then became rather abundant, reaching its 
maximum in the first half of May. On May 18 it was fruiting 
abundantly. About the first of June, it had become very rare in 
most places, entirely disappearing in some. 

The causes of this periodicity of Ocdogenium are not easy to 
explain ; only a few facts can be pointed out that probably had an 
influence. The increase in the amount of Oe. crasstusculum in 
November was not very great. Doubtless a good portion of this 
passed the summer in a sort of resting condition — the filaments 
growing but little —then, when rains came in November, increas- 
ing the amount of water in the pond, there was growth, Follow- 
ing this time, the temperature became too low for much growth 
and the alga became more rare, yet a relatively small amount per- 
sisted throughout the winter in a resting state. When heavy rains 
came in March, accompanied by warm weather, there was a rapid 
growth for two or three weeks. As the temperature of the water 
became higher and the light more intense, the alga was caused 
to pass from a vegetative to a fruiting state and after fruiting it 
began to disappear rapidly. Klebs* (1896) found in experiment- 
ing with Oedogonium that increasing the intensity of light would 
tend to cause an increase in the production of sexual organs. 

Bulbochaete crenulata appeared in pond no. 1 about November 
23, and persisted during the winter in small quantity, growing but 
little. About the first of May, it had become slightly more abun- 
dant, was growing somewhat, and bearing sexual organs. Later 
in May it disappeared. On July 31 a small amount was found 
attached to grass in the upper end of the larger of the water-works 
ponds. It was in a vegetative state and did not appear to be grow- 
ing much. 

The Chaetophorales were tolerably abundant in the ponds and 
streams studied and rather generally distributed, the genera Chaeto- 
phora and Draparnaldia being the most abundant. 

Representatives of but two genera were found belonging to 
the family Ulotrichaceae; these were Ulothrix and Stichococcus. 
Ulothrix aequalis appeared in pond no. 1 about the middle of 


*Klebs. Die Bedingungen der Fortpflanzung bei einigen Algen und Pilzen. 
1896. 
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March, growing with Vaucheria and not attached. This was rather 
healthy and growing for a time. It became rather abundant on 
the east side of the pond during the latter part of April and the 
first of May. Then it began to become unhealthy looking, the 
cells of the filaments coming apart. From this time on it gradu- 
ally disappeared, none being found June 25. Ulothrix sonata 
appeared in the lower part of stream no. 1 the middle of July. It 
seemed to be healthy and growing, was a bright-green, with fila- 
ments a foot or two long, attached at one end, the other floating. 
It disappeared in a few weeks. A small amount of Coleochaete 
scutata was found in pond no. 1, July 8, clinging to dead sub- 
merged 7ypha stems. 

A small amount of Stichecoccus was found growing on the dry 
clay soil clinging to the roots of a large tree that had blown down 
along stream no. 2. The soil was sheltered so that it was usually 
rather dry. This was first noticed early in the winter. It 
remained in a growing stage during the entire winter, reaching its 
maximum abundance in March. During the latter part of May 
and the first of June, it disappeared. Doubtless the soil became 
too dry and the temperature too warm. 

A limited amount of Herposteiron was epiphytic on Oe. cras- 
siusculum in pond no. 1 during March and April. 

Representatives of three genera belonging to the family Chae- 
tophoraceae were found — Chaetophora, Myxonema, and Drapar- 
naldia. Chaetophora was the most abundant, appearing in con- 
siderable quantities in pond no. 1 and stream no. 1 (see charts). 

Chaetophora pisiformis was rather abundant in pond no. 1, 
September 20, 1906, appearing as small glistening greenish 
globules attached to submerged objects. It continued to be 
rather abundant until the last of November, when it disappeared ; 
appearing again about the middle of March, it spread over the 
pond and became very abundant in distribution especially, coating 
nearly everything submerged in the pond. It continued abundant 
to the first of August, being the dominant alga of the pond 
the greater part of the time. The same species appeared in the 
upper part of stream no. 1, November 15. It was abundant for 
about a month, attached to sticks, grass, and stones on the bottom 
ofthe “branch.” The masses here seemed to be much larger than 
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in pond no. 1, as large as a pea, light green and bladder-like. It 
disappeared the last of December, appearing again the first of 
April. It became very abundant during the last of April and the 
first of May —the dominant alga. It began to be more rare the 
last of May and had entirely disappeared by the last of June. 
The animal life of the stream doubtless had something to do with 
its disappearance. There were numerous tadpoles in the “ branch”’ 
and it was noticed that in pools in which there were many tadpoles 
there was no Chaetophora. The disappearance during the winter 
was likely due to low temperature. 

Chactophora endiviaefolia was found to be rather abundant, at- 
tached to objects on the bottom in the upper part of stream no. 1, 
November 15, 1906. AA little later it became rare, but persisted 
in small quantities during the winter. In March it began to in- 
crease in abundance, becoming very abundant about the middle of 
April. This continued until about the first of Jyne, when it began 
to disappear. By the last of June, it had entirely disappeared. 
This species was doubtless affected by the same agencies as the 
preceding form. 

Draparnaldia plumosa appeared in the upper part of stream no. 
1 about the middle of November, 1906 (see chart). It seemed to 
be healthy and growing. It varied in abundance during the winter, 
being usually rather rare or rather abundant. Floods washed 
away large quantities, making it rather rare at times. Material 
brought into the laboratory on February 16 showed numerous 
zoospores in 24 hours. This plant reached its greatest abundance 
in March. After this it began to disappear and by the last of April 
had disappeared altogether. This plant appeared in several other 
places, but in every case the conditions were very similar. It 
seems to thrive in flowing surface-water at a temperature ranging 
from 0° to 15° C. In no case was the plant found in a pond. 

Two species of Myxonema were found, tenue and nanum. M. 
nanum persisted throughout the year without change on wet rocks 
at outlet of sewer on campus. The conditions under which it was 
growing were not subject to much change, the water being warm 
continually, about the same in amount and always richly laden with 
sewage. Myxonema tenue was first noticed in the lower part of 
stream no. I April 18. The filaments were attached at one end, 
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floating in long ribbons. Material brought into the laboratory 
produced numerous zodspores in a few hours. This form persisted 
until the first of August, becoming rather rare at times. 

The only species found belonging to the order Cladophorales 
was Cladophora glomerata. This species was present in the upper 
part of stream no. 1 (see chart)throughout the year. During only 
a few months in the spring, ranging from the middle of April to 
the middle of June, was there much growth. During this time it 
grew rapidly so as nearly to fill the channel of the stream. Its 
growth was checked at the end of this time, doubtless by the water 
becoming low, impure, and warm. During the rest of the year the 
filaments that persisted were unhealthy looking, the cells had thick 
walls and were crusty looking, due to particles of sand and diatoms 
clinging to them. It was noticed in several places that where the 
plant grew in swift water the filaments were much branched ; in 
quiet flowing water there was but little branching. Cladophora was 
not found in a healthy growing state in any of the ponds. Small 
masses were found in some, but it ‘was not in a healthy condition 
and had doubtless floated in from a feeding branch. Cladophora 
glomerata transferred from stream no. 1 to stream no. 2 and an- 
chored in the latter failed to grow. This stream has purer water, 
flows swiftly and has a relatively lower temperature than the first, 
standing at about 12° C. continually. 

The only representatives of the order Siphonales found in the 
regions studied were two species of Vaucheria, V. sessilis and V. 
geminata, var. racemosa. V. sessilis was very abundant on the 
damp, sloping banks all around the larger of. the water-works 
ponds October 4. It continued to be abundant and healthy, 
growing vegetatively until the first of November, when it began 
to bear sexual organs. It was fruiting considerably the middle of 
November. On the fourth of December it was looking yellowish, 
unhealthy, and seemed to be loosened from the ground, due to the 
ground freezing and thawing. On December 21, the ground was 
covered with snow, but in places small patches of Vaucheria could 
be seen, unhealthy in appearance. Ripe oospores were found in 
it. They were no doubt “ seed’’ for next year’s crop. On Janu- 
ary 10 the banks were in the main covered with water due to a 
rise in the pond, and no Vaucheria was to be seen. It did not 
reappear before the close of the study, the first of August. 
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Vaucheria geminata var. racemosa was found in pond no. 1, 
October 6 (see chart). It was rather rare, growing in shallow 
water and fruiting somewhat. During the first of November the 
pond dried up in parts, but the Vaucheria continued to grow 
freely, forming a dense felt over the rich damp earth on the bottom 
of the pond. On November 23 this was covered with about a 
foot of water. The submerged Vaucheria showed some signs of 
decay. It remained in about the same condition, unhealthy 
looking until the twelfth of February, when it was found that the 
old filaments were covered with fruiting organs. Some of the 
felts remained attached to the bottom, while others loosened and 
floated around. They persisted until the last of March, when the 
filaments turned black and decayed. The pond is surely well 
sown with spores. The change in conditions due to the flooding 
with water more than likely caused the formation of the repro- 
ductive organs. An aquatic form grew throughout the year in 
stream no. 2 near the spring. Here there was but little variation 
in the condition, quantity, or temperature of the water. There 
was no change in the alga. No sexual organs were produced. 
This seems to show that under steady favorable conditions an 
alga continues in a healthy, growing, vegetative state continually. 
It was not possible to determine the species of this alga. 

Numerous representatives of the order Protococcales were 
found but they were nearly all found only occasionally and in very 
small quantities. On account of this we will pass by all of them 
except 7etraspora with a mere mention at the end of this sketch. 
Tetraspora lubrica began to appear in the upper part of stream 
no. I the first of March (see chart). It increased in abundance 
until the first of May, when it reached its maximum. By the end 
of May, it had disappeared. This alga seems to thrive in ‘‘ branch’’- 
or surface-water when flowing freely and at a temperature from 
5° to 20° C. Certain other colonial forms belonging to the same 
order, Gonium, Pandorina, Pediastrum, Coelastrum, and Scenedemus, 
appeared in the more stagnant pools of the upper part of stream 
no. I during June and July, 1907. 

A number of species of Bacillariales were observed but no 
effort was made to classify them or trace their periodicity. 

The Cyanophyceae were not very plentiful in the regions 
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studied except in two places, the smaller of the water-works ponds 
and in the lower part of stream no. 1. This class of plants seems 
to thrive best in impure water. The water-works pond just men- 
tioned, taken as a whole, contains relatively pure water, but at one 
corner near the pumping station it was very impure, due to the oil 
and refuse from the pumping station flowing into it. Here there 
was always a good amount of the Cyanophyceae to be found 
growing. From this place they floated out and settled around 
the edge of the whole pond. 

Two species of ostoc appeared in the territory studied, J. 
verrucosum and N. commune. WN. verrucosum persisted through- 
out the year in stream no. 1 with very little change. At times it 
appeared to be less abundant but this was due to the water wash- 
ing away a part during floods. It was attached to the stone bot- 
tom of the “branch’’ in the swifter parts. It grew up in hollow 
subglobular masses five or six centimeters in diameter. They 
were at first pale yellowish-green, rather firm, jelly-like masses, 
but the outer part soon became incrusted with lime so as to make 
it harsh and crusty. Soon after reaching this stage the flow of 
the water caused them to break loose and float away. No hetero- 
cysts or spores were noticed. 

A small amount of J. commune was found growing on the 
damp soil along the edge of pond no. 3, September 20, 1906. The 
region was covered with water at my next visit and none of the 
alga was found. The same species was found growing in a similar 
place along the upper part of stream no. 1, October 11. It con- 
tinued to grow here and was rather abundant until the middle of 
November, when it disappeared. 

Scattering filaments of Anabaena were found at various times 
during the year in material collected in the lower part of stream 
no. I, pond no. 1 and the smaller of the water-works ponds, but 
no attempt was made to trace the periodicity. 

Three different species of Osci/latoria appeared in considerable 
abundance in the ponds and streams under observation. These 
were Oscillatoria tenuis, O. limosa and O. princeps. Some other 
species were noticed but they did not persist any length of 
time. 0. tenuis was the most abundant form both in quantity and 
distribution. It was abundant in stream no. 1, especially in the 
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lower part, and in the smaller of the water-works ponds during 
the greater part of the year. In stream no. 1 it grew on the 
stones in the bottom, forming a tolerably dense stratum. A sim- 
ilar stratum formed on the rocks at the outlet of pond no. 4 when- 
ever sufficient water flowed over the spillway to keep them wet. 
Around the edge of the smaller of the water-works ponds there 
was usually a stratum covering the bottom in the shallow water. 
Whenever sufficient oxygen collected in the meshes of a mass it 
was loosened and floated on the surface. 

Oscillatoria princeps (O. Imperator Wood) was found to be 
rather abundant in the most stagnant part of the smaller of the 
water-works ponds during the latter part of September, October, 
and the first of November, 1906. It appeared again the first of 
June, 1907, and continued to be rather abundant until August. It 
appeared also in ponds nos. 2 and 3, going through a similar 
periodicity. 

Oscillatoria limosa (O. Froelichii Kitz.) appeared in all the 
ponds and streams except pond no. 1 and stream no. 2, being 
especially abundant in pond no. 2 and stream no, 1 from Decem- 
ber to the first of May. It seems to thrive well in foul water. 
It seemed to become more abundant in pond no. 2 when there 
was considerable cow-manure around the edge of the pond. Cattle 
had access to the pond only a part of the time. 

Calothrix parietina (Isactis caespitosa Wolle) was abundant on 
the stones in the bottom of stream no. 2 the entire year, changing 
but very little. The conditions under which it grew were un- 
changeable. 

ConcLusions * 


An alga growing under steady normal conditions continues, in 
the region studied, to grow in a healthy vegetative state through- 
out the year. Nostoc verrucosum, Calothrix parietina, and the 
Vaucheria growing in stream no. 2 showed this, and also the 
Myxonema nanum, growing at the sewer outlet. 

A sudden change in external conditions checks the vegetative 
growth of an alga and tends to cause it to enter a resting stage 
form or to fruit sexually. 


* For local observers I may state that stream no. 1 is known as Jordan Branch ; 
stream no. 2, Stone Spring Branch ; pond no. 1, Hill Pond ; pond no. 2, Faris Pond ; 
pond no. 3, Fees Pond; pond no. 4, Monon Pond. 
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Spirogyra varians is the most widely distributed alga found in 
this region. It grows under varied conditions. It conjugates at 
all seasons of the year, depending on hard external conditions, 
é. g., the drying up of a pond. 

Chaetophora thrives best ih water slightly stagnant at a tem- 
perature from 5° C. to 25° C. 

Draparnaldia plumosa thrives in flowing surface-wate: at a 
temperature from 1° to 15° C. 

Cladophora glomerata grows best in flowing surface-water. It 
persists throughout the year in the locality studied but is ina 
growing condition only a few weeks in the spring, while there is a 
brisk flow of moderately pure water. 

Spirogyra nitida is the most abundant of the Conjugatae in 
the small stagnant ponds about Bloomington. 


A CLASSIFIED LIST OF THE ALGAE FOUND, TOGETHER WITH 
BRIEF DATA ON THE FORMS NOT DISCUSSED ABOVE 
CHLOROPHYCEAE 
CONJUGATAE 
Zygnemaceae 
Spirogyra Link 
nitida (Dillw.) Link 
crassa Kitz. 
vartans (Hass.) Kitz. 
neglecta (Hass.) Kiitz. Bayou along lower 
part of stream no. I, 11 Je to 1 Au ’07. 
Weberi Kitz. 
inflata (Vauch.) Rabenh. 
rivularis Rabenh. Water-works reservoir, 29 
Je ’o7. 
Zygnema Kiitz. 
insigne Kiitz. 
leiospermum De Bary 
cruciatum Ag. 
Mougeotia De Bary 
genuflexa (Dillw.) Ag. (Pleurocarpus mirabilis 
A. Br.) 
scalaris Hass. 


parvula Hass. 


} 
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Desmidiaceae 


Closterium Nitsche 
Cucumis Ehrenb. Upper part stream no. 1, 
27 Je '07. 
| acerosum (Schrank) Ehrenb. 
strigosum Bréb. Pond no. 1, 14 My ’o7. 
: Dianae Ehrenb. Pond no. 1, 15 N'’06 to 10 
F ’o7. 
Ehrenbergii Menegh. 
Cosmarium Corda 
Botrytis Menegh. Pond no. 2, 23 N ’06 to 


25 Jl ’o7. 
lacve Rabenh. Pond no. 3, 20 S ’06. 
- pyramidatum Bréb. Water-works reservoir, 
10 D ’06. 


Phaseolus Bréb. Pond no. 4, 8 D ’06. 
Docidium Bréb. 
Trabecula (Ehrenb.) Naeg. 
Hyalotheca Ehrenb. sp. 
Staurastrum Meyen, sp. 
Pentum Breéb. 
interruptum Breb. 


OEDOGONIALES 
Oedogoniaceae 
Ocdogonium Link 
crassiusculum Wittr. 
cryptoporum Wittr. 
Bulbochaete Ag. 
crenulata Pringsh. 


CHAETOPHORALES 
Herposteiraceae 
e Herpostetron Naeg. sp. 
Coleochaetaceae 


Coleochaete Bréb. 
scutata Breb. 
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Ulotrichaceae 
Ulothrix Kitz. 
acqualis Kiitz. 


subtilis Kitz. Stream no. 1, 1 My ’o7. 


sonata (W. & M.) Aresch. 
Stichococcus Naeg. sp. 
Chaetophoraceae 
Chaetophora Schrank 
pisiformis (Roth) Ag. 
endiviacfolia Ag. 
Myxonema Fries 
nanum (Dillw.) Hazen 
tenue (Ag.) Rabenh. 
Draparnaldia Bory 
plumosa (Vauch.) Ag. 
CLADOPHORALES 
Cladophoraceae 
Cladophora Kitz. 
glomerata (L.) Kiitz. 
SIPHONALES 
Vaucheriaceae 
Vaucheria DC. 
sessilis (Vauch.) DC. 
geminata (Vauch.) DC. 
PROTOCOCCALES 
Volvocaceae 
Gonium Mill. 


pectorale Mill. Stream no. 1, 10 Je ’o7. 


Pandorina Bory 


Morum(Mill.) Bory. Stream no. 1, 10 Je’07. 


Pleurococcaceae 


Pleurococcus Menegh. 
vulgaris Menegh. 
Hydrodictyaceae 
Pediastrum Meyen 
Boryanum (Turp.) Menegh. Stream no. 4, 10 
Je ’o7. 


. 
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Protococcaceae 
Coelastrum Naeg. 
microporum Naeg. 
Scenedesmus Meyen 
caudatus Corda. 20 Jl ’07. 
obtusus Meyen. Pond no. 4, 4 D'o6. 
Nephrocytium Naeg. 
Agardhianum Naeg. Upper part stream no. 
I, 27 Je ’o7. 
Palmellaceae 
Tetraspora Link 
lubrica (Roth) Ag. 
Gloecystis Ag. 
gigas (Kitz) Lagerh. Pond no. 1, N ’06 to 
Au 
HETEROKONTAE 
CONVERVALES 
Tribonemaceae 
Ophiocytium Naeg. 
bicuspidatum (Borge) Lemm. Pond no. I, 30 
Ap ’07. 
CYANOPHYCEAE 
Nostocaceae 
Nostoc Vauch. 
verrucosum Vauch. 
commune Vauch. 
Anabaena Bory, sp. 
Oscillatoriaceae 
Lyngbya Ag. 
ochracea (Roth) Thur. Edge of water-works 
reservoir, 2 N 'o6. 
Juliana Menegh. 
Oscillatoria Vauch. 
tenuis Ag. 
limosa (Roth) Ag. 
brinceps Vauch. 


fi 
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Phormidium Kitz. 
tenue (Menegh.) Gom. Edge of pond no. 2, 
14 My to 26 J ’o7. 
incrustatum cataractorum (Naeg.)Gom. Upper 
part of stream no. 1, 5 Mr’o7 to 1 Au ’o7. 
Arthrospira Stizenb. 
Jenneri (Kiitz.) Stizenb. Edge of pond no. 4, 
29 Je ’o7. 
Rivulariaceae 
Calothrix parietina (Naeg.) Thur. (/sactis caespitosa 
Wolle.) 


Chroococcaceae 


Merismopedia Meyen 
convoluta Bréb. Pond no. 2, 27 F ’o7. 


INDIANA UNIVERSITY, BLOOMINGTON, 
INDIANA, August I, 1907. 
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Some Araucarian remains from the Atlantic coastal plain “ 


Epwarp W. BERRY 


(WITH PLATES 11-16) 


The considerable theoretic importance recently assigned to the 
Araucarieae by some authors, coupled with their abundance and 
wide range during the Mesozoic and their restriction in modern 
floras to the South American and Australian areas, renders them 
a most interesting group of plants, as they are undoubtedly among 
the most curious and striking in appearance. 


Ficure 1. Sketch map, showing the distribution of the Araucariae in the modern flora. 


The geographical distribution of the recent species is included 
within the lined areas of FIGURE I. The wide extension of the ori- 
ental area is due chiefly to the genus Agathis, which is essentially 
an island type, ranging from the Philippines to New Zealand. It 
is to be noted that this genus does not occur in the Western Hem- 
isphere, although during the Cretaceous rather closely allied 
ancestral forms (Dammara, Protedammara, and Dammarites) 


* Published by permission of the Director of the U. S. Geological Survey. 
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ranged from Greenland to New Jersey and Montana. Unfortun- 
ately, the more familiar generic term for those plants, Dammara, 
is a pre-Linnean name, having been proposed by Rumphius in 
1741,* so that recently systematists have taken up the name 
Agathis proposed by Salisbury in 1807.+ 

The genus Araucaria is chiefly oriental, with eight or nine 
species, all but one belonging to Endlicher’s subgenus £xtacfa, 
(1847), characterized by more or less acicular, keeled leaves and 
winged cone-scales. This subgenus is not represented in South 
America, the two or three species from that continent being refer- 
able to the subgenus Co/uméca (Salisbury, 1807), characterized by 
broad flat leaves, and with one species, Araucaria Bidwilli, in the 
Australian region (the “ Bunya-Bunya”’ of southern Queensland). 
It will be noted also that North America, Europe, Africa, and 
practically all of Asia contain no representatives of this subfamily. 

It is not my purpose to sketch the past history of this group, 
a task recently performed by Seward & Ford, who point out the 
probable Araucarian affinity of the Paleozoic genera Wadchia, 
Schizodendron (Tylodendron), Gomphostrobus, and the possible 
Araucarian relation of the Triassic genera Albertia, Voltsia, Ull- 
mannia, etc. It is, however, desirable to indicate briefly the prob- 
able range of the Araucarieae during the period when the species 
about to be described flourished, z. ¢., the Cretaceous. 

The recorded occurrences of Araucarieae during the Cretaceous 
are shown in FIGURE 2. No attempt has been made to revise these 
data, which may in some instances be based upon insufficient evi- 
dence, nor have obviously allied genera like Arachyphyllum been 
included, or any of the many species described as Sequoias, some 
at least of which would seem to be more properly referable to the 
Araucarieae. 

By referring to the map (FIGURE 2), it will be seen that in the 
Western Hemisphere we have Agathis from 70° north latitude 
(Greenland), and Araucaria from 40° south latitude (Patagonia), 
with several species of both genera in the United States, ranging 
from Block Island to South Carolina on the east coast and from 
Montana to Kansas in the western interior. Inthe Eastern Hemi- 


* Rumputvs, G. E. Herbarium Amboinense 174. Amsterdam, 1741. 
+ Sauispury, R. A. Trans. Linn. Soc. Lond. 8: 312. 1807. 
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sphere we have records as far apart as Spitzbergen (80° North), 
on the one hand, and Cape Colony (30° South) on the other, with 
several species of both the Avaucaria and the Agathis type in 
Europe. 

The absence of Asiatic Cretaceous records is to be considered 
due to the lack of knowledge of Cretaceous plant beds on that 
continent, and not as indicative of the absence of the Araucarieae 
at that time. 

While the distribution of the recent forms might seem to be an 
argument for the former existence of Antarctic land connections 


YoY } 


FIGURE 2. Sketch map, showing the recorded occurrences of the Araucariae 
during the Cretaceous. 


ewe. 


and intermigrations, a glance at the fossil record shows that this 
is not the true explanation of their present occurrence, nor does it, 
on the other hand, in the least weaken the probability that there 
was such an Antarctic continent or archipelago, a view with which 
the writer is in thorough sympathy. In the case of the Arauca- 
rieae, however, the records show that a once cosmopolitan group 
has gradually become extinct in the intervening areas until its 
present restricted habitats are all that remain of a once world-wide 
dominance, a dominance which was probably reached during the 
later Mesozoic. 

As a corollary, we would assume that the group is still 
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dwindling, and this is borne out not only by its much wider range 
in the Tertiary but by the presence of sub-fossil remains of Agathis 
in New Zealand, and of Araucaria in South America, in both cases 
showing a marked shrinkage in range in very recent times. 

During the past two or three years the writer has come into 
possession of a considerable quantity of Araucarian remains from 
the Atlantic coastal plain. These are all of Mid-Cretaceous age 
and it seems desirable to place them on record at the present time 
since unquestionable remains of the genus Araucaria have not been 
previously recorded from this general region and the final treatment 
of these South Atlantic Cretaceous floras will undoubtedly take a 
long time. 

The New Jersey material comes from beds of the Magothy 
formation, very probably of Cenomanian age. The Carolina forms 
are from beds which differ in age but slightly if at all from those 
of New Jersey, although they may be somewhat older, possibly 
synchronous with the Raritan formation of New Jersey and the 
Tuscaloosa formation of Alabama, the question of exact correlation 
being under active investigation at the present time. 

Evidences of the abundance of the Araucarieae, using that 
term in a somewhat extended sense, have been emphasized recently 
through the studies of Hollick & Jeffrey * upon Staten Island 
material ; and Seward & Ford + in their most admirable sketch of 
the recent and past history of this group have furnished good 
ground for the belief that the Araucarieae are the most abundant 
type of Coniferales in the Older Mesozoic. 

Following is a brief discussion of the hitherto unknown Atlantic 
coastal plain species : 


Araucarites Zeilleri sp. nov. 


Cone a prolate spheroid, about 9 x 7 cm.; scales numerous, 
long, narrow, thick ; cone-axis stout ; details of structure obscured. 
(PLATE II, FIGURE 3.) 


At the first glance this looks like a very beautifully preserved 
Araucarian cone, but closer inspection shows that poorness of 
preservation has obscured nearly all of the details of structure, 


* & Jerrrey, American Naturalist 40: 189-216. 1906. 
Jerrrey, Bot. Gaz. 44: 435-444. f/. 28-30. 1907. 
t+ Sewarp & Forp, Philos. Trans. Roy. Soc. Lond. 198 B: 305-411. 1906. 
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megascopic as well as microscopic. The specimen consists of 
about one half of a flattened cone, diagonally fractured in a plane 
not greatly inclined to the longitudinal axis, the latter being hidden 
distally by the cone-scales and weathered away proximally. 

This cone was evidently lignified in the clays and subsequently 
penetrated peripherally by pyrite for a distance of about 1.5 cm., 
which, while serving to hold together the much cracked and dessi- 
cated interior, also effectually obscures the surface features. It 
was found among the shingle at low tide on the beach at Cliff- 
wood Bluff, N. J., having been washed out of a body of clay which 
makes the floor of the beach at this point, and was broken when 
found, no trace of the other half having been seen. 

The specimen is 9.3 cm. long, 7.8 cm. wide at right angles to 
the flattening force, and 2.5 cm. thick, so that in life the cone 
must have been almost spherical —a slightly prolate spheroid. 
The scales were numerous, comparatively long and slender, and 
the cone-axis was very stout. 

In this connection a number of fossils of a more or baal doubt- 
ful nature from this locality suggest themselves as of Araucarian 
affinities, rotable among which are the leafy twigs referred to 
Presl’s genus Cunninghamites, so named for their resemblance to 
the existing genus Cunninghamia, and usually referred to the 
Taxodieae, although in Zittel’s Handbuch (abth. 2, 1890) they are 
placed by Schenk in the Araucarieae. Two species have been 
recorded from this locality, Cunninghamites elegans (Corda) Endl. 
and C. sguamosus Heer, both suggesting Araucarian foliage of the 
type found in the Zutacta section of the genus Araucaria. The 
broad-leaved type of foliage of the subgenus Co/umbea is probably 
also present at Cliffwood Bluff in the species Araucarites ovatus 
Hollick, to which I will refer on a subsequent page. 

Other doubtful remains from this locality which are suggested 
as possibly of Araucarian affinities are the fossils denominated 
Microzamia (?) dubia Berry * and supposed to represent the central 
axis of a cycadaceous fruit-spike. This might well represent the 
axis of an Araucarian cone like the one under discussion, more 
especially as the scales are shed at maturity (in the recent species 
at least) ; the small prominence in the spirally disposed pits of the 


* BERRY, Bull. Torrey Club 32: 43. f/. 7. f. 2. 1905. 
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specimen would then represent the single vascular bundle which 
passed into the base of the scale. This object is now refigured 
(PLATE I1, FIGURE 1). 

Another problematical fossil which may possibly belong to the 
Araucarieae is the cone previously described simply as ‘‘ gymno- 
spermous cone” Berry * and refigured on PLATE II (FIGURE 2), 
This might be a staminate Araucarian strobilus, for while most of 
the modern Araucarieae have greatly elongated staminate strobili, 
they become shortened and subcylindrical in some species, as for 
example in Araucaria excelsa, the Norfolk Island pine and more 
particularly in the genus Agathis (Dammara). 

Araucarites Zeilleri may be compared with the cone described 
by Velenovsky from the homotaxial deposits (Cenomanian) of 
Bohemia under the name of Araucaria bohemica,+ which is seen 
to be similar in appearance, and to the several species of cones of 
Araucaria and Pseudo-araucaria which have been described by 
Fliche from the Albien of France (Bull. Soc. Sci. Nancy, 171-195. 
5. 6. 4,55 PL 6.f. 2-5; pl. 7.f. 1,2. 1896). 

Nothing similar has heretofore been collected at Cliffwood 
Bluff, where so many coniferous remains have been found, and it 
is of especial interest in coming after the recent announcement by 
Hollick & Jeffrey (doc. cit.) of two types of Araucarioxylon lignite 
from the not distant and possibly homotaxial horizon at Krei- 
scherville, Staten Island,{ one type which they have correlated 
with Brachyphyllum twig-impressions and with Protedammara 
cone-scales and the other more like recent Araucarian wood — 
which might well represent the present species — with resinous 
tracheids, no traumatic resin canals, and with a large pith com- 
posed mainly of tanniniferous cells. It has seemed best to use 
the generic term Araucarites as one which is of broader significance 
than Araucaria, since the preservation of the cone is such that it 
might equally well be considered as a Mid-Cretaceous representa- 
tive of the allied genus Agathis (Dammara). 


* BERRY, cit. 31: 72. pl. g. f. 7- 1904. 

VELENOVSKY, Kvétena éeského cenomanu, 8. 7. 20-24. 1889. 

t The major part of the Kreischerville deposit is of Raritan age but there is some 
evidence that the leaf-bearing layers may be later. 
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Araucaria bladenensis sp. nov. 


Foliage dense ; phyllotaxy spiral ; leaves decurrent, coriaceous, 
ovate-lanceolate, about 1.6 x .8 cm., the base rounded, apex thick- 
ened, cuspidate ; veins immersed, averaging 16 in number, straight, 
parallel; stomata small, in rows on ventral surface. (PLATES 12 
AND 13; PLATE 14, FIGURES I-3.) 


Leaves ranging from 1 to 2.8 cm. in length by .5-1.2 cm. in 
width, averaging 1.6 by .8 cm., obovate in outline, with a broad 
rounded base narrowing abruptly and decurrent; the blade 
broadest about one third of the distance from the base, above 
which point it narrows rapidly to a thickened cuspidate tip ; phyl- 
lotaxy spiral ; leaf-substance represented by a thick sheet of lig- 
nite about .5 mm. thick, in which the veins are immersed. These 
veins average 14 to 16 in number, although occasionally there 
may be as many as 20; they are stout, incurved at the base 
(forking not observed), becoming parallel and running directly 
upward until they abut against the leaf margin, 7. ¢., not conver- 
gent toward the tip of the leaf. When this species was first col- 
lected it was thought that it might be sufficiently well preserved 
to show the internal structure when studied by the admirable 
methods devised by Professor Jeffrey for treating more or less re- 
fractory remains of this sort. Professor Jeffrey, who has been 
good enough to examine some of these leaves for me with this end 
in view, writes that in spite of their hopeful megascopic appear- 
ance their microscopic structure is not preserved. 

In one or two instances where the specimens are in a more 
argillaceous matrix it has been possible to get rather inferior spec- 
imens showing the arrangement and outlines of the stomata (PLATE 
14, FIGURE 3). These are broadly ovate in shape with very thin guard 
cells (at least when viewed on the surface). They are arranged in 
somewhat irregular rows on the ventral surface of the leaf, the 
number of rows between the two veins being usually four. Aside 
from the foregoing facts, the preservation is such that no other 
details can be made out. 

This species is most remarkably similar to the recent Araucaria 
Sidwillt of the Australian region, a twig of which, kindly furnished 
by the New York Botanical Garden, has been photographed and in- 
troduced on PLATE 15 for comparison. The resemblance is even 
closer than the reproductions indicate, a dried herbarium specimen 
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of the latter and a twig of the former preserved as a brownish im- 
pression in the Rockfish Creek clays being practically indistinguish - 
able. This resemblance in form, habit, and stomatal characters, 
reinforced by the occurrence of characteristic Araucarian cone- 
scales in the same beds at certain localities, renders the identifica- 
tion reasonably conclusive. 

A wide comparison has been made with other and similar fossil 
remains of Mesozoic age. The most nearly related form seems to 


_ be Araucarites ovatus (PLATE 14, FIGURES 4, 5) described by Hol- 


lick * from the Cliffwood clays of New Jersey, which differ merely 
by their larger size, absence of basal characters, and much less 
pointed tips ; in fact, if the two were found in closer association or 
if in the abundant Carolina material any specimens had approached 
Araucarites ovatus in size | would be disposed to consider them as 
the variants of a single species. As the case stands, it seems 
better to institute a new species, since the leaves in the Carolina 
material are sufficiently and uniformly different enough to be readily 
recognized, and there is the further possibility that the New Jersey 
species may be more or less closely related to the modern genus 
Agathis (Dammara) rather than to Araucaria. , 

A genus which was at once suggested for comparison was the 
genus Nageiopsis of Fontaine, the real botanical position of which 
is so uncertain. It is true that Fontaine characterizes the leaf- 
arrangement as distichous or subdistichous, but this is the ordinary 
habit of numerous conifers with a spiral phyllotaxy and one which 
would be emphasized in, fossil remains preserved as impressions. 
There is some resemblance to Nageiopsis ovata Font.t+ from the 
Older Potomac of Virginia. However, an examination of the type 
material in the U. S. National Museum demonstrates the distinct- 
ness of the Carolina species, as it does also the exceedingly inac- 
curate figures of Fontaine’s monograph. Another of this author's 
species which is somewhat similar is Nagetopsis montanensis, 
described from the Kootanie of Montana, { but since it is founded 
on a single specimen and there are no features which indicate that 


*HoLLick, Trans. N, Y. Acad. Sci. 16: 128. pl. f. 3a, g. 1897. 
¢ Fonratne, U. S. Geol. Surv. Monog. 15: 199. f/. 77. f. 4; pl. 80. f. 5. 
1889. 
t Fontaine, Joc. cit. 48: 312. pl. 77. f. 10. 1906. 
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it really is a Nagetopsts, it is not worth considering further in this 
connection. 

A European form which must surely be considered as a nearly 
related congener of Araucaria bladenensts is Saporta’s Araucaria 
Toucasi described from the Turonian of Beausset near Toulon, 
France.* This is strikingly similar to the Carolina species in every 
respect and likewise closely allied, in appearance at least, to the 
recent Araucaria Bidwillt of Australia. 

Kerner { records Pachyphyllum (Pagiophyllum) rigidum Saporta 
and Pachyphyllum (Pagiophyllum) araucarinum Saporta from the 
Cenomanian of Lesina, an island in the Adriatic off the coast of 
Dalmatia, both being originally Jurassic species from the French 
Corallien of Verdun{. Both are very similar to the Carolina 
species and are of about the same age. The probable identity 
of Cenomanian and Corallian species, it seems to me, is extremely 
doubtful, and both of Kerner’s species should undoubtedly be con- 
sidered as new species of Araucaria and nearly related, if not iden- 
tical, with such Mesozoic forms as Araucaria bladenensis or Arau- 
carta Toucast. 

Other fossil remains which deserve to be mentioned in this 
connection and which may really be Araucarian, although abun- 
dantly distinct from this Carolina species, are Podozamites ? acutus 
Saporta § from the Neocomian of Portugal, whose resemblance to 
Nageiopsis ovata and N. zamiotdes is noted by Saporta; and Podo- 
samites lanceolatus (L. & H.) F. Braun forma e//iptica Moller from 
Bornholm || which is scarcely to be distinguished from Nagetopsis 
montanensis Font. from the Kootanie; and Pagiophyllum sp. 
Dawson ™ from the Kootanie of Canada. 

Araucaria bladenensis occurs abundantly as detached leaves in 
the Cretaceous dark-drab, very lignitic clays, at numerous localities 
in the south Atlantic Coastal plain, and occasionally as twigs of 
considerable size showing phyllotaxy and other characters. It is 
preéminently the type fossil of the Bladen formation of North Caro- 


* Saporta, Le Monde des Plantes 198. f. 27. 1879. 
Kerner, Jahrb, k.k. Geol. Reichsanst. 45: 49. p/. g. f 35 §0. pl. g.f.1 
tSaporTA, Plantes Jurassiques, Paléont, Franc., Végétaux, p/. 777, 778. 

4 Saporta, Fl. Foss. Portugal 87. p/. 76. f. 28. 1894. 

|| MOLLER, Kongl. Sv. Vet.-Akad. Handl. 36°: 8. p/. 7. 7. 9. 1903. 

© Dawson, Trans. Roy. Soc. Can. ro*: go. £ zg. 1892. 
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lina,* single leaves or even fragments being quite characteristic and 
easy of recognition. Discovered originally in material collected at 
Parker Landing by Dr. L. W. Stephenson in 1906, it has since 
been found in a large number of outcrops of this formation in this 
same general region. 

Following are the localities from which it is known at the 
present time: 

NortH Carona: Parker Landing, Tar River (abundant) ; 
95%, 92, 8758, and 87% miles above Newbern, Neuse River ; 
Big Bend (abundant), Sykes Landing, Clear Run, Corbits (Old 
Union) bridge, A. C. L. R. R. bridge, Horrel Landing, and 7434 
miles above Wilmington, Black River ; Rockfish Creek, near Hope 
Mills (abundant); mouth of Harrison’s Creek, Cape Fear River. 

SoutH CAROLINA: 3 to 4 miles northeast of Florence. 

ALABAMA: 2 miles south of Havana in Hale County. 


Araucaria Jeffreyi sp. nov. 


Cone-scales deciduous, rhomboidal, straight-sided, thin-mar- 
gined, the apex broadly rounded, with long central apical spur ; 
scales divided by transverse furrow into “ligule” and scale proper, 
single-seeded. (PLATE 16.) 

This species is represented by a considerable number of large 
single-seeded cone-scales preserved as impressions and associated 
with Araucaria bladenensis at Big Bend and A. C. L. R. R. bridge 
on the Black River, at 92 and 875g miles above Newbern on the 
Neuse River and at Parker Landing on the Tar River, all localities 
in North Carolina. The latter specimens differ somewhat from the 
others and approximate more nearly the shape of the foliage leaves 
of Araucaria bladenensis, but since the scales from the former locality 
are somewhat variable, as indeed they are from different positions 
on a single modern Araucarian cone, it seems likely that they all 
belong to one species of cone. 

The scales are rhomboidal, the thin lateral margins straight to 
the point of greatest width, then more or less rounded, produced 
medianly into a long and narrow point. This point is over a 
centimeter long in two specimens which still lack the terminal 
portion. Insome specimens the scales are obviously divided by a 


+ STEPHENSON, Johns Hopkins Univ. Circulars, Il. 1907 7:95. 1907. 


Berry: ARAUCARIAN REMAINS 259 


transverse furrow into the scale proper and the so-called “ ligule.”’ 
This feature is not shown in FIGURES 10 and 11, which probably 
represent the transitional phase between functional scales and 
foliage leaves toward the base of the cone, while the additional 
variations in the specimens figured are probably likewise correlated 
with the regions of the cone from which they came. They are all 
preserved as impressions with fragments of lignite representing the 
scale-substance. With the exception that they do not appear to 
have been as thick, they are strictly comparable with the typical 
scales of Araucaria Bidwilli, In general outline they are also 
comparable with the scales of Araucaria Cookii of the Eutacta 
section of the genus. Although no seeds have been found as yet 
in the Carolina material, it seems likely that they will eventually 
be discovered. From the structure as disclosed in the present 
impressions it seems obvious that the scales were single-seeded as 
in the modern genus, and, taken in conjunction with the foliage just 
described as Araucaria bladenensis, they furnish conclusive 
evidence of the abundant presence in the Mid-Cretaceous of 
eastern North America of true Araucarieae, thus still further 
increasing the parallel between the Mid-Cretaceous floras of this 
country and those of Europe. 

Many remains of cones and cone-scales have been described as 
species of Araucarieae but it seems scarcely worth while to enu- 
merate them in this place. Some have already been mentioned 
under Araucarites Zeilleri,and for others the reader is referred to 
the monograph of Seward & Ford (doc. ci¢.). 


JoHNs Hopkins UNIVERSITY, 
BALTIMORE, MD. 
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Explanation of plates 11-16 
e PLATE 11 
Fic. 1. Microzamia(?) dubia Berry. A possible Araucarian cone-axis, Cliffwood, 
N. J. 
Fic. 2. Gymnospermous cone, Berry. A possible Araucarian staminate cone, 
Cliffwood, J. 
Fic. 3. Araucarites Zeilleri Berry, sp. nov. Cliffwood Bluff, N. J. 


PLATE 12 
Araucaria bladenensis Berry, sp. nov. 
Fics. 1-3. Rockfish Creek, N. C. 
Fic. 4. Horrel Landing, N. C. 
PLATE 13 


Araucaria bladenensis Berry, sp. nov. Showing form of detached leaves and their 
usual method of occurrence. Parker Landing, N. C. 


PLATE 14 
Fics. 1, 2. Araucaria bladenensis Berry, sp. nov. Showing closely imbricated 
leaves at the fork of a branch. Parker Landing, N. C. 
Fic. 3. Araucaria bladenensis Berry, sp. nov. Showing form and arrangement 
of the stomata, enlarged about 20 times. Rockfish Creek, N. C. 
Fics. 4,5. Araucarites ovatus Hollick. Introduced for comparison. (After Hol- 
lick.) Cliffwood Bluff, N. J. 


PLATE 15 


Araucaria Bidwilli Hook. From a photograph (natural size) of an herbarium 
specimen. Introduced for comparison. Photograph by E. H. Sapp. 


PLATE 16 


Araucaria Jeffreyi Berry, sp. nov. 
Fics. 1-9, 12. Big Bend, N. C. 
Fics. 10 11. Parker Landing, N. C 


Notes on Carex— IV 
KENNETH KENT MACKENZIE 
CAREX PHAEOCEPHALA Piper 


Carex leporina var. Americana Olney, Proc. Am. Acad. Arts & 
Sci. 8: 407. 1872 (name only). — Bailey, Proc. Am. Acad. 
Arts & Sci. 22: 152. 1886. 

‘‘ Carex leporina L.” Bailey, in Coulter, Man. 396. 1885. 

“ Carex Preslii Steud.” Bailey, Mem. Torrey Club 1: 52. 1889. 

“ Carex petasata Dewey ;’ Holm, Am. Journ. Sci. IV. 16: 20. 


1903. 

Carex phaeocephala Piper, Contr. U. S. Nat. Herb. 11: 172. 

1906. 

Clumps from medium-sized to large, strongly cespitose, the 
rootstocks densely matted, the culms 1-3 dm. high, exceeding the 
leaves, obtusely angled below, sharply angled and more or less 
roughened above. Leaves three to six to a culm, clustered towards 
the base, the sheaths much overlapping, whitish-hyaline towards 
apex opposite the blades, the blades short, more or less involute, 
ascending to recurving, 1.5-2 mm. wide, usually 5-15 cm. long, 
roughened towards the apex; spikes two to five (rarely seven) 
aggregated into an erect head 12-25 mm. long, 5-12 mm. wide, 
the lower one or two spikes occasionally a little separate, the spikes 
ovate to oblong, 6-12 mm. long, 5-8 mm. wide, obtuse at apex, 
narrowed and often quite clavate at base (especially the uppermost), 
the perigynia usually 10-20, appressed-ascending, the beaks incon- 
spicuous, the staminate flowers basal, inconspicuous ; lower bracts 
occasionally developing a short cusp, the upper scale-like ; scales 
ovate, acute, dark-brownish or brownish with lighter midrib and 
broad hyaline margins, as wide and as long as the perigynia ; 
perigynia oblong-ovate, flat, plano-convex, distended over the 
achene, 4.5 mm. long, 1.8 mm. wide, winged, round-tapering at base, 
strongly nerved on outer surface, nearly nerveless or lightly nerved 
on the inner, the body abruptly contracted into the beak, which 
is 1 mm. long, rather minutely bidentate and serrulate on the 
margins ; achenes lenticular, brownish, obovate-oblong, 1.5 mm. 
long, I mm. wide ; stigmas two. 


This species, which is closely related to Carex /eporina L., and 
represents it in the Rocky Mountain region, has been known under 
261 
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different names for many years, but has never been fully described. 
Collections made during the last ten years have much extended 
our knowledge of the plant, and have shown that it has a wide 
range, and is one of the characteristic species of the alpine sum- 
mits of the Rockies. The chief distinctions between it and C. 
leporina may be contrasted as follows : 


Culms 1-3 dm. high, the leaves bunched near base ; blades 1.5-2 mm. 


wide, more or less involute. C. phacocephata. 
Culms 1.5-4 dm. high, the leaves not bunched ; blades 2-3 mm. wide, 
flat. C. leporina. 


Two names have been ascribed to this species at different times, 
but neither of them can properly be used. 

1. Carex Preslii Steud. Plant. Cyp. 242. 1855. The author 
of this species based his description on Presl’s C. /eporina L. 
(Reliq. Haenk. 204. 1830). His description can be applied to 
several North American species of Carex found in the Nootka 
Sound region, where the plant was obtained, and to apply it to the 
present plant is pure guess-work. It is to be noted, too, that he 
does not place the species next to Carex /eporina, which was, of 
course, well known to him, but in a section “species quoad sec- 
tiones et affinitatem minus notae, partim omnino dubiae.’’ The 
original specimen seems to have disappeared (Bailey, Mem. Torrey 
Club 1: 52), and, in any event until it is located, the name should 
be disregarded. 

2. Carex petasata Dewey, Am. Jour. Sci. I. 29: 246. 1836. 
As this is one of the earliest published species of Carex from 
the Rocky Mountain region its identification is important. Of 
it Professor Bailey says: “ The original sheet is in Herb. Torr. 
It contains three plants: C. /agopina Wahl., C. festiva Dewey, 
and C. Liddoni Boott, to all of which Dewey’s description will 
equally apply”’ (Mem. Torrey Club 1: 52). Concerning this I 
should say that the description calls for a plant with a “com- 
pressed,” “slightly winged” perigynium, characters hardly ap- 
plicable to C. /agopina, and as Dewey described C. festiva in the 
same paper we can hardly refer C. petasata to it. The facts con- 
cerning this sheet seem to be that Drummond, the original collec- 
tor, mixed C. petasata and C. /agopina (Torrey, N. Am. Cyp. 393) 
and that the specimen of C. festva on the sheet, which was col- 
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lected by Nuttall, is a later addition. But finally, and most impor- 
tant of all, Dewey’s description is accompanied by a plate (W._f. 72). 
This plate clearly shows that it was the third plant on the sheet in 
the Torrey herbarium which Dewey had in mind. This plant, 
which I have examined, is Carex Liddoni Boott, as stated by Pro- 
fessor Bailey. As this last-named species was not published until 
1840 (Hook. FI. Bor.-Am. 2: 214) it should be superseded by 
Carex petasata Dewey. The identification of C. petasata with C, 
phaeocephala rests on work done when our western Carices were 
but little known, and is entirely baseless, so far as I know. 

Of Carex phaeocephala 1 have seen the following specimens : 

Wyominc: Big Horn Mts., 7000-9000 ft., Tweedy 3344, July- 
August, 1900; Sheep Mt., 11,000 ft., Zweedy gro, August, 
1897 ; Teton Mts. (timber line and above), A. & E. Nelson 6539, 
August 16, 1899; Big Horn Mts., Sheridan County, 10,000 ft., 
Tweedy 2240, August, 1899; Anita Peak, Routt County (alpine 
grassy summits), Goodding, 1754, August 3, 1903; Ethel Peak, 
Larimer County, Goodding 1900, August 14, 1903. 

CoLorapDo: Bottomless Pit, 3800 m., £. & E. S. Clements 
gor, July 23, 1901; Windy Point, Pike’s Peak, Clements 3, 1900; 
“Rocky Mts.,” Vasey 600. 

Uran: Belknap Peak, Rydberg & Carlton 7361, July 28, 1905 ; 
Bear River Canyon, 11,000 ft., Watson 1234, August, 1869. 

Montana: Long Baldy, Little Belt Mts., 7000 ft., Rydberg 
3399 and 3400, and Flodman 312, August 19, 1896; Old Hol- 
lowtop (near Pony), gooo ft., Rydberg & Bessey 3783, July 7, 
1897; Columbia Falls, Wi/dams, September 8, 1892; Spanish 
Peaks, Madison Range, 7000-8000 ft., Flodman 323, July 14, 
1896; Spanish Basin, Rydberg 3066, July, 1896; Mt. Henry, 
Midvale, Umbach 408, July 16, 1903; near Glacier Basin, 2200 
m., Vreeland 1085, August 5, 1go1 (blades but 1 mm. wide). 

IpaHo: Mt. Chauvet, 10,000 ft., Rydberg & Bessey 3782, July 
29, 1897. 

Wasuincton: Mt. Adams, Howe//, 3900, August, 1882. 

Orecon: Mt. Hood, Lioyd, July 21, 1894, and Henderson 
(alpine moraines), July 20, 1884; head of Wallowa River, gooo 
ft., Cusick 2479, July 17, 1900. 

CALIFORNIA: Mt. Shasta, 10,400 ft., Copeland 3568, July 16, 
1903. 
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Canapa: Selkirks, 7,500 ft., Shaw 1020, July 26, 1905; Sel- 
kirks, 8000 ft., Heights above Carbonate Draw, Petersen, July 14, 
1904; Lake O’Hara, Rocky Mt. Park, 7500 ft., John Macoun 
64016, August 9, 1904; Lake Louise, Rocky Mts., 7300 ft., 
John Macoun 64017, July 20, 1904; Old Glory Mt., 6500 ft., be- 
tween Kettle and Columbia Rivers, /. JZ. Macoun 63324, August 


13, 1902. 
Carex projecta sp. nov. 


“ Carex cristata Schwein.”” Kunze, Car. p/. 44. f. g. 1840-1850. 
— Boott, Ill. Car. 117, in part, p/. 373. 

Carex lagopodioides var. moniliformis Olney, Exsicc. fasc. 2, no. 8 
(n.n.); Bailey, Bot. Gaz. 10: 380. 1885. 

“Carex tribuloides moniliformis (Tuckerm.) Britton;”’ Britt. & 
Brown, Ill. Fl. r: 356. 1896. Not Carex scoparia var. 
moniliformis Tuckerm. 

Carex tribuloides var. reducta Bailey, Proc. Am. Acad. Arts & Sci. 
22: 148. 1886. Not Carex reducta Drejer. 


Clumps small to medium-sized, not stoloniferous, the culms 5- 
9 dm. high, exceeding the leaves, strongly roughened on the angles 
beneath the head. Leaves with well-developed blades usually four 
to six to a fertile culm, on the lower half but not clustered, the 
sheaths long and loose, the ligule not prolonged, the blades flat, 
3-7 mm. wide, usually 2-4 dm. long, roughened especially on the 
margins and towards the apex ; sterile culms very leafy; spikes 
eight to fifteen, alternately and usually loosely arranged in a flex- 
uous moniliform head 3-5 cm. long, less than 1 cm. broad, the 
spikes orbicular or suborbicular, 5-8 mm. long, 4-7 mm. wide, 
straw-colored or greenish or even brownish, blunt at the apex, sub- 
clavate-tapering at base, the staminate flowers basal, few, but their 
scales rather conspicuous, the perigynia 15-30, ascending-spread- 
ing, with conspicuous often widely divergent beaks ; lower bract 
(when developed) setaceous and much shorter than the head ; 
upper bracts scale-like ; scales lanceolate or ovate-lanceolate, ob- 
tuse to acutish, straw-colored with hyaline margins, often brownish- 
tinged, narrower and much shorter than the perigynia ; perigynia 
straw-colored or brownish, lanceolate, flat, more or less strongly 
distended over the achene, noticeably but narrowly wing-margined 
to the base, 3.25-5 mm. long, about 1.5 mm. wide, nerved on both 
surfaces, round-tapering at base, tapering into the serrulate biden- 
tate beak, which is one third to one half the whole length ; achenes 
lenticular, short-stipitate, 1.5 mm. long, 0.5 mm. wide, oblong ; 
stigmas two. 
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This plant is so widely distributed and well marked that it 
seems to me to be fully entitled to specific recognition. The flex- 
uous head and the small spikes, with the perigynia-beaks conspic- 
uous and widely divergent, present a marked contrast to the stiffer 
head, the larger spikes, and the appressed perigynia-beaks of Carex 
tribuloides Wahl., its nearest ally. It ranges from Nova Scotia and 
New Brunswick to Minnesota and south to the District of Columbia 
and Illinois, but is rare in the southern part ofits range. The fol- 
lowing specimens have been examined by me: 

Nova Scotia: Pictou, Howe & Lang 459, July 12, 1901. 

New Brunswick: Kouchibougnac, Fow/er. 

QveseEc: Montmorenci Falls, John Macoun 67783 and 6778 4, 
July 7 and June 28, 1905; Riviére du Loup, Egg/eston 3065, 
August, 1902. 

Maine: Ft. Kent, Avnight, August 20, 1905; Beech Hill 
Road, Mt. Desert Island, Faxon, July 4, 1892; Orono, Briggs, 
September, 1892, and Fernald, July 7, 1891; Ft. Fairfield, Fer- 
nald 162, July 6, 1893. 

New HaAmpsuireE: ‘“ State Line,’’ Brainerd, July 16, 1896; 
White Mountains, Zuckerman. 

Vermont: Rutland, Eggleston 2492, July 23, 1901. 

New York: Adirondack Mts., Peck. 

Ontario: North Bay, Lake Nipissing, Fowler, July 18, 1891 ; 
Guelph, A/ugh, July 25, 1905 ; Ottawa, John Macoun 26856, June 
26, 1900. 

Minnesota: Milaca, Mille Lacs Co., Sheldon, July, 1892. 

Athens, Menard County, £. //a//, June, 1870. 

District oF CoLumBiA: Steele, June 3, 1900. 


Carex chihuahuensis sp. nov. 


Clumps medium-sized, the rootstocks long-creeping, culms 2— 
3 dm. high, filamentose at base, strict, slightly roughened on the 
angles, exceeding the leaves. Leaves with well-developed blades 
four to eight to a fertile culm, clustered on the lower fourth, the 
sheaths overlapping, the ligules not prolonged, the blades flat, as- 
cending, 2-3 mm. wide, 5-15 cm. long, very rough towards the 
apex ; inflorescence consisting of numerous scarcely distinguish- 
able spikes densely aggregated (or the lower clusters separate) 
into a compound or somewhat decompound ovate or oblong head, 


2-7 cm. long, 7-15 mm. wide, the individual spikes with 4-10 as-° 
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cending or more or less spreading)perigynia below and the incon- 
spicuous staminate flowers above ; bracts scale-like, the lower pro- 
longed, shorter than the head; scales ovate-oblong, obtuse (or 
lower acute), light-brownish with straw-colored midrib and hyaline 
margins, about the width of the perigynia but shorter; perigynia 
ovate, plano-convex, thick and corky at base, 3.5 mm. long, 1.5 
mm. wide, the edges sharp-angled but not winged, nerved on 
outer, nerveless on inner surface, at maturity round-truncate at 
base (the young perigynia rounded), tapering at apex into the ser- 
rulate bidentate beak, this 4%-'% the length of the whole (or 
longer in the young perigynia); achene lenticular, occupying 
upper half of perigynium body, sessile, oval, 1.5 mm. long, | 
mm. wide ; stigmas two. 


This is one of the numerous forms at various times referred to 
Carex marcida Boott. The most satisfactory point of distinction 
between the two species is that the present species has the body 
of the perigynium corky at base, with the achene in the upper part, 
while in C. marcida the perigynium body is not corky at base and 
the achene is inserted in the lower part of the body. 

Specimens examined : 

Cuinuanua, Mexico: Puerta de St. Diego, 6500 ft., CV. 
Hartman 620, April 12, 1891 (type in herb. N. Y. Bot. Garden) ; 
Sierra Madre near Colonia Garcia, 7800 ft., Townsend & Barber 


79, June 7, 1899. 


CAREX SCIRPOIDEA MICHX. AND ITS ALLIES 


Among the most widely distributed of the Canadian species 
of Carex is the well-known Carex scirpoidea Michx. Found in 
mountainous country, it ranges from the.Gaspé region to the Ca- 
nadian Rockies and northward to Alaska, and in the United States 
it occurs in many places in the extreme north — for example, in 
Maine, New Hampshire, Vermont, and Montana. In the eastern 
part of its range it has no near relatives, but in western Canada 
and the northwestern part of the United States, it is either wholly 
or largely supplanted by certain allied species, several of which 
have a much more southern range than Carex scirpoidea itself. 

Of the five allied species which I have been able to recognize, 
one — Carex pseudoscirpoidea Rydberg — has been carefully de- 
scribed by its author; two others — Carex stenochlaena (Holm) 
and Carex gigas (Holm) — have been published as varieties of 
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Carex scirpoidea ; and two others — Carex scabriuscula and Carex 
scirpiformis — are here proposed as new. 

In addition to valuable characters derived from the shape and 
color of the perigynium and its pubescence or relative lack of 
pubescence, the chief points connected with the inflorescence to 
be noticed are the shape, relative length, and pubescence of the 
scales. The width of the leaf-blades and the relative stoutness 
of the culms, although at times relied on, are too variable to be of 
real service, and while the western allies of C. scirpoidea as a 
whole seem much more inclined to grow in dense mats and to 
have shorter dense rootstocks than that species I am not able to 
judge from herbarium material alone whether this character can 
be relied on. 

However, there is another character which Mr. Holm has used 
in other groups of Carex and seems to be constant and of value in 
the present group. That is, in some of the species the lower culm- 
leaves are reduced to bladeless sheaths, thus leaving in the present 
group but few (usually 3-5) well-developed leaves to a culm ; and 
in other species the lower culm-leaves develop blades, thus giving 
in the present group many (usually 6-10) well-developed leaves to 
aculm. The former species are referred to as aphyllopodic; the 
latter as phyllopodic. One of the best marks of distinction of 
Carex pseudoscirpoidea is that it is phyllopodic, and this is also true 
of the very local Carex gigas and Carex scabriuscula. On the 
other hand the other three species are aphyllopodic. 

The following key will serve to distinguish the species and to 
contrast their more evident points of difference : 


Perigynium sparsely pubescent towards apex only, dark brown- 
ish-black. 
Perigynium-body broadly oval, 3 mm. long, very abruptly 
beaked. C. gigas. 
Perigynium-body lanceolate, 4 mm. long, tapering into the 
beak. C. scabriuscula, 
Perigynium densely pubescent to hirsute, lighter in color (or dark 
at apex only). 
Perigynium lanceolate, flattish, 4 mm. long. C. stenochlaena. 
Perigynium broader, triangular, 3 mm. long or less. 
Culms aphyllopodic, the culm-leaves usually 3-5; scales 
shorter than perigynia. 
Scales very minutely hyaline-margined ; perigynium 
whitish-pubescent. C. seirpoidea. 
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Scales very broadly hyaline-margined ; perigynium 


yellowish-hirsute. C. scirpiformis. 
Culms phyllopodic, the culm-leaves usually 6-10; 
scales concealing perigynia. C. pseudoscirpoidea. 


Descriptions of the new species and the varieties here raised to 
specific rank follow : 


Carex gigas (Holm) sp. nov. 

Carex scirpoidea var. gigas Holm, Am. Journ. Sci. lV. 1'7: 21. 1904. 

Culms 3-4.5 dm. high, phyllopodic, from densely matted stout 
rootstocks, the culms stoutish, roughened on the angles above, 
much exceeding the leaves, reddened and somewhat filamentose at 
base. Leaves with well-developed blades 5-10 to a fertile culm, 
clustered near the base, the sheaths hyaline opposite the blades, 
brownish-tinged and minutely puberulent, the blades ascending, 
flat, 2.5 mm. wide, 5-15 cm. long, roughened towards the apex ; 
culms dioecious, the spike erect, normally solitary; staminate 
spike not seen, the pistillate (terminal) linear, 1.5-2.5 cm. long, 
4-6 mm. wide, with an ovate short-pointed scale-like bract at base, 
and an elongated (2-4 cm. long) bract 1-3 cm. below, its sheath 
slightly darkened and little (1-3 mm.) sheathing, often with a 
smaller peduncled spike in its axil ; scales oblong-ovate, glabrous, 
brownish with lighter midrib and narrow hyaline margin, acute or 
obtuse, as wide as the perigynia and of about the same length; peri- 
gynia numerous, black, 3 mm. long, 2 mm. wide, the body broadly 
oval, flattish, rounded at base, rounded at apex and very abruptly 
contracted into the minute bidentate beak (0.5 mm. long), minutely 
puberulent above and pubescent on the angles ; achenes triangular, 
2 mm. long; stigmas three. 


This species, as yet known only from northern California, has 
a perigynium entirely different from that of any other member of 
this group, and is clearly entitled to be treated as a species. 

Specimens examined : 

CaiFornNiA : Siskiyou County, 8,000 ft., Pringle, August 18, 


1881. 
Carex scabriuscula sp. nov. 


Culms about 3 dm. high, phyllopodic, from stout short-creep- 
ing rootstocks, the culms stoutish, roughened on the angles above, 
much exceeding the leaves, somewhat reddened at base. Leaves 
with well-developed blades 5-10 to a fertile culm, clustered near 
the base, the sheaths hyaline, brownish-tinged and minutely puber- 
ulent towards the apex opposite the blades, the blades ascending, 
flat, 2-3 mm. wide, 6-12 cm. long, roughened towards the apex ; 
culms dioecious, the spike erect, normally solitary ; staminate spike 
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not seen, the pistillate (terminal) linear, 1.5—4 cm. long, 4-8 mm. 
wide, with an ovate short-pointed scale-like bract at base, and an 
elongated (2-4 cm. long) bract 1-3 cm. below, its sheath some- 
what darkened and scarcely sheathing, often with a small peduncled 
spike in its axil; scales oblong-ovate, glabrous, brownish-black 
with lighter midrib and narrow hyaline margins, acute or obtuse, 
as wide as the perigynia but shorter ; perigynia numerous, black, 
4-4.5 mm. long, 1.5 mm. wide, the body lanceolate, flattish, rounded 
at base, tapering at apex into the minute entire (or nearly entire) 
beak (0.5 mm. long), minutely puberulent and pubescent on the 
angles above ; achenes triangular, 2 mm. long; stigmas three. 


The perigynium in this plant is so nearly glabrous in age that 
at a first glance it appears completely so, and this lack of apparent 
pubescence gives the species a very different aspect from that of 
C. scirpoidea. 

Specimens examined : 

‘*Cascade Mountain Plants,’’ wet meadow of the Cascade Mts., 
Cusick 2849, June 30, 1902. (Type in herb. N. Y. Bot. Garden, 
distributed as Carex feta Bailey.) 


Carex stenochlaena (Holm) sp. nov. 
Carex scirpoidea var. stenochlaena Holm, Am. Journ. Sci. IV. 17: 


20. 1904. 

Culms 2.5-4 dm. high, aphyllopodic, from densely matted 
stout rootstocks, the culms stoutish, strongly roughened on the 
angles above, much exceeding the leaves, reddened and somewhat 
flamentose at base. Leaves with well-developed blades usually 
3-6 to a fertile culm, on the lower third but not clustered, the 
sheaths long-overlapping, hyaline, brownish tinged and puberulent 
opposite the blades, the blades ascending, flat, 2-2.5 mm. wide, 
5-15 cm. long, roughened towards the apex; culms dioecious, 
the spike erect, solitary ; staminate spike 2 cm. long, 3-5 mm. 
wide, the scales obtuse, brownish with lighter center and hyaline 
margins, the pistillate linear, 1.5-3 cm. long, 4-7 mm. wide, with 
an elongated bract 0.5-5 cm. long, inserted 0.5—3 cm. below, its 
sheath dark-colored, little sheathing ; scales oblong-ovate, puberu- 
lent and slightly ciliate at apex, black with midnerve lighter and a 
very narrow hyaline margin, acute or obtuse, as wide as perigynia 
but somewhat shorter ; perigynia numerous, black (at least towards 
apex), 4 mm. long, 1.5 mm. wide, the body lanceolate, flattish, 
rounded at base, tapering at apex into the minute entire beak 0.5 
mm. long, appressed-pubescent ; achenes triangular, 2 mm. long ; 
stigmas three. 


Apparently this species is the most common representative of 
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the group near the Pacific coast. Its oblong-ovate black scales 
and long (4 mm.) lanceolate perigynia readily distinguish it. 
Specimens examined : 

British Cotumsia: Chilliwack Valley, 4000 ft., 7. Macoun 
33,728, July 12, 1901. 

A.aska : On bluffs along Yes Bay, Howe// 1705 A, July 16,1895. 

Wasuincton : Horse-Shoe Basin, Okanogan County, 5000 ft., 
A. D. E. Elmer 684, September, 1897. 


Carex scirpiformis sp. nov. 


Culms 2.5-4.5 dm. high, aphyllopodic, from matted or short- 
creeping slender or stoutish rootstocks, the culms from slender to 
stout, strongly roughened on the angles above, much exceeding 
the leaves, reddened at base. Leaves with well-developed blades 
usually 3-6 toa fertile culm, on the lower third but not clustered, 
the sheaths long-overlapping, hyaline, brownish-tinged and puberu- 
lent opposite the blades, the blades ascending, flat, 2-3 mm. wide, 
5-20 cm. long, roughened towards the apex ; culms dioecious, 
the spike erect, solitary or rarely with a small additional one at 
base ; staminate spike not seen, the pistillate linear, 2-4 cm. long, 
4-5 mm. wide, with a rudimentary or elongated bract 3 cm. or 
less long at or somewhat below the base, its sheath somewhat 
darkened, little sheathing ; scales ovate, strongly pubescent and 
ciliate at apex, brownish with broad white-hyaline margin and 
lighter center, obtuse or acute, as wide and nearly as long as 
perigynia; perigynia numerous, greenish or yellowish-brown, hir- 
sute, 2.5 mm. long, 1.25 mm. wide, the body ovate-oval, obscurely 
triangular, tapering to a substipitate base, abruptly contracted at 
apex into the minute entire beak (0.5 mm. long) ; achenes triangu- 
lar, 1.75 mm. long; stigmas three. 

This plant is more closely related to C. sctrpoidea than are 
any of the other plants here discussed. The contrast, however, 
between the long scales of this species with their broad hyaline 
margins, and those of C. scirpordea with nearly no margin and 
usually much shorter than the perigynia, is so marked and con- 
stant in the specimens examined that I feel justified in proposing 
the species. 

Specimens examined : 

ALBertTA: Banff, damp ground near Middle Spring, 4700 ft. 
MeCalla 2348, July 28, 1899. (Type in herb. N. Y. Bot. Gar- 
den); near Banff, Macoun, June 30, 1891 (in part); Rocky Mt. 
Park, John Macoun 64054, July 11, 1904. 
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The water-storing tubers of plants 


Joun W. HARSHBERGER 
(WITH PLATE 17) 


Recently there has been brought to the attention of the writer 
a number of plants that produce water-storing organs of an inter- 
esting morphologic character. They were examined in the fresh 
condition in free-hand sections and a number of microchemic tests 
were applied in order to ascertain the character of the respective 
reserve materials. Two species of ferns, Nephrolepis cordifolia 
from the garden of Dr. P. P. Calvert and Nephrolepis davalliotdes 
Kze. [N. acuminata (Houtt.) Kuhn] from the fernery of Mr. John 
P. Morris, of Chestnut Hill, were examined in detail. Asparagus 
Sprengert, a much cultivated species of asparagus, was also 
studied. 

Nephrolepis cordifolia (L.) Presl. [N. tuberosa (Bory) Willd.] 
is a fern which is often found in cultivation. It is easily mistaken 
for the sword-fern, VV. exa/tata, but it differs from that fern in 
having shorter fronds and the pinnules more closely crowded 
together. It resembles philippinensis Hort.,* also found fre- 
quently in cultivation. Nephrolepis cordifolia is said to occur in 
northern India, Japan, Australia, New Zealand, tropical east and 
west Africa and in the whole of tropical America, growing on the 
ground, as well as epiphytic on trees. It has short, thick rhizomes 
covered by broken-off leaf-bases and numerous strong branches 
are formed, some of which are developed in midsummer as fleshy 
tubers which are about the size of pigeon-eggs (PLATE 17, FIGURE 
1). More exactly, a mature tuber measured by me was in three 
dimensions, twelve millimeters, twenty-eight millimeters, and three 
millimeters. Christ + states that these tubers store reserve products 
of use to the plant in its epiphytic existence. Mrs. J. M. Milli- 
gan{ of Jacksonville, Florida, found tubers on a specimen of 

* BAILEY, in the Cyclopedia of American Horticulture, gives this (V. philéppi- 
nensis) as probably belonging to NV. exaltata. 
+Curist. Die Farnkrauter der Erde, 288. 


t MILLIGAN, Mrs. J. M. Tubers of Nephrolepis. Fern Bulletin 7: 12. 1899. 
271 


272 HARSHBERGER : WATER-STORING TUBERS 


Nephrolepis, called by her N. exaltata, while changing the fern 
from one pot to another. The tubers, she says, were of all sizes 
up to three fourths of an inch in diameter and irregularly rounded. 
No indications of buds were discovered and some of the largest 
tubers were planted, but did not grow. 

In all probability, as pointed out by J. Birkenhead,* the fern 
described by Mrs. Milligan as V. exaltata was N. cordifolia (= N. 
tuberosa). Nephrolepis philippinensis produces tubers in profusion, 
so also do N. Pluma var. Bauset and N. undulata, all deciduous 
ferns. A peculiar feature of these deciduous ferns, Birkenhead 
states, is that the plant of one season does not always grow again 
from the old caudex, but there is in many cases a tuber formed 
close to the old caudex, from which growth commences in due 
course the following season. The other tubers formed at various 
distances away from the main stem also commence growth and 
produce plants. One of the points which distinguish VV. pectinata 
from the others, as Clute adds editorially in commenting on 
Birkenhead’s article, is the absence of tubers. Adiantum dia- 
phanum (A. setulosum) produces tiny tubers on its roots, the size 
of mustard seeds, some roots bearing twenty to thirty tubers in a 
length of three to four inches. Velenovsky + in his Vergleichende 
Morphologie der Pflanzen also describes the tubers of Nephrolepis 
cordifolia ( = N. tuberosa). 

Le Maout and Decaisne mention Nephrodium esculentum { ot 
Nepaul that furnishes edible tubers used by the natives. Hein- 
richer, § in a paper published since the above statements were 
written by me, has presented a complete study of the regeneration 
of several species of Nephrolepis from the fleshy tubers noticed 
above, when these are cut and experimentally treated. He finds that 
tubers are formed on cordifolia Presl (= tudberosa Presl), 
N. hirsutula (Forst.) Presl, N. Pluma Moore, and N. philippinensis 
Hort. He distinguishes two forms of .V. cordifolia, viz., subspecies 


* BIRKENHEAD, J. Tubers of Nephrolepis. Fern Bulletin 7: 35. 1899. 

VELENOovsKy, J. Vergleichende Morphologie der Pflanzen, Teil I. Prag, 
1905. 

t I cannot find this name, but give it as a quotation. 

2 Hernricner, E. Zur Kenntnis der Farngattung ephrolepis. Flora 97: 
43-73. pl. 2,2. 28 D 1906. N. Pluma Moore is considered a variety of .V. 
cordifolia, 


| 

i 

4 

| 

| 

q 

| 


HARSHBERGER : WATER-STORING TUBERS 273 


(a) tuberosa and subspecies (4) etuberosa. The regeneration from 
tubers in JV. cordifolia subsp. tuberosa, in N. hirsutula,in N. Pluma, 
and in NV. philippinensis consists in the formation of stolons with 
a central axial bundle system and normal green pinnae arising 
from. these ramentae-covered stolon-like branches. His photo- 
graphic illustrations show the character of the various forms of 
tubers in a very satisfactory manner. Incidentally, Heinricher 
states that in WV. cordifolia the tubers serve for the storage of 
water. In the large parenchyma-cells of the tubers of NV. hirsu- 
tula Heinricher found small starch grains (?), which in no case 
completely filled the cells, and such cells reacted to Fehling’s 
_ solution, indicating the presence of sugar. Sperlich likewise claims 
that he found the cells of young tubers filled with starch, while 
in the mature tubers the starch grains were sparingly found, but 
the sugar content had increased proportionately. 

My observations on the structure of fern tubers, now to be re- 
corded, are at variance with the above statements in the two species 
of Nephrolepis investigated by me, viz., \V. cordifolia and N. daval- 
lioides. In these two ferns, the lateral cord-like branches with 
small hair-like ramentae are brown in color (PLATE 17, FIGURE 2). 
These ramentae extend also to the wrinkled surface of the tuber, 
but are more sparingly found. A microscopic examination of the 
tuber surface shows that it consists of large epidermal cells, the 
walls of which interlock by sinuous lines (PLATE 17, FIGURE 3). The 
interior of the tuber is found to consist of large, rounded hexa- 
gonal, or pentagonal parenchyma-cells, with thin walls (FIGURE 4), 
while the fibrovascular elements are arched near the surface, run- 
ning from base to apex. These parenchymatous cells in the freshly 
cut tubers are filled with watery protoplasm, and the observer is 
impressed by the absence of solid reserve food. Considerable 
protoplasm with a large nucleus is present in the younger cells 
(FIGURE 5), but in the older cells the protoplasm and nucleus are 
confined to a thin wall-layer, as the sap vacuole increases in size 
(FIGURE 6). Treatment with iodine fails to reveal the presence of 
starch and protein. Water-eosin colors the protoplasm but slight- 
ly, and this reaction, as also the application of Bismarck brown, 
excludes the possibility of the presence of protein granules, while 
the use of Fehling’s test for sugar gives a decided reaction, if 
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strong cupric sulphate is used. Absolute alcohol does not cause 
the deposit of inulin crystals, and the absence of inorganic crystals 
is very noticeable. Imbedded in the protoplasm of the cells and 
scattered through it are granules which suggest starch, although 
the iodine test fails to show its presence in the fresh tubers. To 
be absolutely sure that these granules were not starch grains, I 
applied dilute sulphuric acid, washed off the acid with distilled water, 
and treated the sections with iodine. No reaction took place which 
would indicate the presence of starch. The presence of tannin, 
especially in the partially mature tubers, was revealed by the action 
of the juice on a bright razor blade. The bluish-black discoloration 
produced showed the formation of tannate of iron. This test is 
corroborated by a microchemic reaction in which the starch-like 
granules take part. Tannin vesicles have been observed in various 
phanerogams. These tannin vesicles always arise, as Klercker has 
shown, in the protoplasm, from which they are most probably sep- 
arated by a true precipitation membrane of albumen tannate. 
Whether they contain other substances than tannins cannot at 
present be certainly stated. Especially useful in determining the 
presence of tannin is Pfeffer’s staining itra vitam with methylene- 
blue. Ina solution of this pigment, the cell sap which contains 
tannin and the tannin vesicles take up the blue color. This reagent 
applied to thick sections of Nephrolepis tubers produced a blue 
color in the starch-like granules (FIGURE 7) which had not reacted 
with the application of iodine, Bismarck brown, water-eosin, sul- 
phuric acid and iodine, and acetic acid. That this test is decisive 
with reference to these granules is proved, I believe, by the pres- 
ence of sugar in the older tubers, such sugar having been derived 
from the stored tannin. It is a known chemical fact that tannin 
may be converted into sugar by a complex reaction, and in all 
probability, although I have been unable to prove it, the tannin 
present in the living parenchyma-cells of the above fern species is 
slowly transformed into sugar which reacts in the older tubers to 


-Fehling’s solution. 


The character of the reserve material stored in the tubers having 
been determined, it can be stated definitely that water storage is the 
principal function of them. The amount of water stored is very 
considerable. If a tuber is left in the sun to dry, it loses practi- 
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cally all of its weight and shrivels up to a small mass of dried 
material, only one twenty-fifth the size of the original tuber. The 
observations of Goebel * are apropos. Goebel states that he found 
Nephrolepis tuberosa (perhaps N. cordifolia) as an epiphytic or 
terrestrial fern on the road to the Tankoban Prahoe volcano in 
Preanger, Java. He states that the tubers of this fern, the size of 
pigeon-eggs, are for the purpose of storing water, for he found that 
the water content was 96.3 per cent. of the total weight. He 
further proved this statement by placing tuber-bearing ferns in dry 
soil. The fronds remained green, although the water supply was 
extremely small. Gradually, however, the water disappeared from 
the tubers until they assumed a shrunken form. When grown in 
wet soil, the tubers retained their normal plumpness. The con- 
clusion reached by Goebel, therefore, was that these tubers are of 
importance to the fern in tiding over shorter or longer periods of 
drought, 
TUBERS OF ASPARAGUS SPRENGERI 


This much-cultivated species of asparagus produces a consider- 
able number of tuberous roots. The large secondary roots are 
about the thickness of a telegraph wire and on the lateral roots 
that grow from the larger ones occur the watery tubers + which 
range from twenty-five to forty-four millimeters in length and from 
eighteen millimeters in the larger tubers to ten millimeters in the 
smaller ones. They are light brown in color and almost perfectly 
smooth. From their distal extremity, the root is continued and 
this root continuation may branch and rebranch into numerous 
subsidiary branches. 

Sections of these tubers mounted in water show large paren- 
chyma-cells without solid contents, except in a few, small, scattered 
cells where bundles of raphides occur. With iodine the proto- 
plasm which lines the cell-wall becomes yellow, and the complete 
absence of starch is also determined by this test. The large nuclei 
of these cells are also clearly shown when water-eosin is applied. 
These nuclei lie in the peripheral protoplasm and with the increase 
in size of the sap vacuole, the nucleus flattens out against the cell- 
wall in the thin layer of protoplasm remaining. Finally, the 


* GOEBEL, K. Pflanzenbiologische Schilderungen I: 203. 
t Strictly a tuber is a stem, or branch; I have used the word here in a lax sense. 
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nucleus disappears and the lining protoplasmic layer becomes still 
more contracted until it is difficult to detect. Absolute alcohol 
causes the contraction of the tubers, but no inulin is crystallized 
out by the use of this reagent. The application of Fehling’s solu- 
tion is without result, nor is tannin present, as the razor and 
methylene-blue tests indicate. Clearly, we are led to the con- 
clusion that these tuberous roots are developed for the purpose of 
storing water and the necessity for the storage of this water is the 
same as in the fern species previously described. 
UNIVERSITY OF PENNSYLVANIA. 
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INDEX TO AMERICAN BOTANICAL LITERATURE 
(1908) 


The aim of this Index is to include all current botanical literature written by 
Americans, published in America, or based upon American material ; the word Amer- 
ica being used in its broadest sense. 

Reviews, and papers which relate exclusively to forestry, agriculture, horticulture, 
manufactured products of vegetable origin, or laboratory methods are not included, and 
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